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PREFACE TO THE FOURTH EDITION. 


This edition haa been carefully revised, and in many 
important respects modifiedt 

Several passages relating to questions which were 
under controversy when the earlier editions appeared 
have been removed,—those questions having been 
decided by new evidence, in the sense advocated in 
the original text* 

I have also omitted several passages from the last 
chapter, as expressing a more conhdent opinion about 
matters connected with the supervision and control 
of the universe than I at present entertain* 

Rigiiaud Af Pkootob. 




PROM THE 


PREFACE TO THE SECOND EDITION. 


Among- the additions whiph have been made to the 
matter contained in a former edition are two which 
require some notice. 

The first consists of new evidence against the 
theory that the cloud-belts of Jupiter and Saturn 
are raised by the sun's heat. I find it difficult to 
oonoeive how this evidence can be interpreted other¬ 
wise than by the theory that the belts of the giant 
planets are generated^ maintained, and modified by 
forces inherent in those planets, and not by any action 
exerted from without. 

The second is the matter contained in pp, 264,* 
265, 274—270, and illustrated by the large plate 
facing p. 276. Rightly understood, the evidence 
there presented is conclusive in favour of the two 
theses, that-— 

^ For tho present edition (1002) these figures should be 240i 
250, 2B9-2G4 and 260. 
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1. WUhm the Umita which inoHde thesian's visible 
to the naked eye there are Uma of aggregation and 
segregation which the theonea hitherto accepted respect¬ 
ing the fixed stars wholly fail to account for. 

2. The Milhy Way is not, aa has been so long 
sxipposed, a straMim of stars of all orders extending 
to distances very far exceeding, relatwel/y aa well as 
-gontiveVy, the dnstaneea of the Uioid stars,—but is a 
stream of small stars, amidst which ma/n/y of the hicid 
stars are immersed. These points seem to be as 
completely demonstrated by the evidence adduced as 
relations of the sort can ever be. 

Richard A. Proctor, 


Lokdon ! 0«iei«r 1870. 



KXTBAOTS FROM THH 

PREFACE TO THE FIRST EDITION 


On many of the subjects dealt with in this work> 
I have propounded views which differ from those usually 
accepted, Each of the new views here presented has 
been the result of a careful study of the subject dealt 
with, and I have searched as anxiously for considera¬ 
tions opposed to any novel theory, as for arguments 
in its favour. 

My theory respecting the sidereal system has been 
based on the signs of systematic aggregation among 
the lucid stars, and of a more intimate association of 
those stars with the Milky Way than could be 
expected were Sir William Heraohel’s fundamental 
theory correct. 

The theory brought forward in the chapter on 
Meteors and Comets is not altogether new. The 
general idea on which it is grounded has been dealt 



X PUBFAGB TO THB BIRST BBITION, 

with hy Mayer and Thomson. The idea, however, 
presented itself independently to my mind when I 
was writing my treatise on Saturn. The line of 
reasoning is wholly new, I believe, by which I have 
endeavoured to show that those peculiarities of the 
solar system which have hitherto been regarded as 
affording the strongest objeotipn to the hypothesis of 
development, may be regarded as in reality the direct 
result of the processes by which the solar system has 
reached its present condition. In the preface to my 
treatise on Saturn I touched on the possibility that 
some such explanation of those peculiarities might be 
found, remarking that in the rings of Saturn astro¬ 
nomers may one day recognise the action of the 
processes by which the solar system has attained its 
present state. 

RiOHAUDA. PaOOTOR. 


London s May 1870. 
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OTHER WORLDS THAN OHRa 


INTEODUCTION. 

Astronomy and Geology owe much of their charm to 
the fact that they suggest thoughts of other forms of 
life than those with which we are familiar. Geology 
teaches us of days when this earth was peopled with 
strange creatures such as now are not found upon its 
surface. We turn our thoughts to the epochs when 
those mousters throve and multipliedj and piotme to 
ourselves the appearance which onr earth then pre¬ 
sented. Strange forms of vegetation clothe the scene 
which the mind’s eye dwells upon. The air is heavier 
laden with moisture to nourish the abundant flora; 
hideous reptiles crawl over their slimy domain, battling 
with eacli other or with the denizens of the forest; 
huge bat-like creatures sweep through the dusky 
twilight which constituted the primeval day; weird 
inoaisters pursue their prey amid the ocean depths: 
and we forget, as we dwell upon the strange forms 
which ejusted in those long past ages, that the scene 
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now pi* 6 fl 6 ntG(i by tbo omctli is no less wondorfulj nnd 
that the records of our time may perhaps seem one day 
as peipVexing aswre now find those of the geological eras. 

Astronomy has a kindred charm. We cannot in- 
deed examine the actual substance of living creatures 
existing upon other celestial bodies j we cannot pic¬ 
ture to ourselves their appearance or qualities j and 
only in a few instances can we even form any con¬ 
ception of the conditions under which they live. But 
we see proofs on all sides that, besides the world on 
which we live, other worlds exist as well cared for and 
as nobly planned. Nay, wo see globes by the side of 
which our earth would seem but as a tiny speck j we 
trace these globes as they sweep with stately motion 
on their appointed courses 5 we watch the return of 
day on the broad expanse of their surface 5 and we see 
systems of satellites which are suspended as lights for 
their nocturnal skies. We further find that our sun is 
matched by a thousand thousand suns amid the im- 
measutable depths of space 5 and the mind’s eye pic¬ 
tures other worlds like those which course around the 
sun, travelling in stately orbits around his fellow 
lumiiiniies. 

Long, however, before the wonders of modern astro¬ 
nomy had been revealed to us, men of inquiring minds 
seem to have been led, as hy an irresistible instinct, to 
examine into the resemblance which may exist between 
our world and other worlds surrounding it on every 
side. It has not been the mere fanciful theoriser who 
has discussed such questions, but men of the highest 
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eminence in science. In long past ages Anaximander 
and Pythagoras studied the subject of other worlds 
than ours \ later, such men as Huyghens, Galileo, and 
Newton have dwelt upon the same interesting theme \ 
wliile, in our own day, Wliewoll and Brewster have 
employed their scientific and dialectic skill in defend¬ 
ing rival theories upon the subject. 

Undoubtedly, a large share of the interest with 
which the question of other worlds than ours has been 
regarded is duo to the fact tliat, as the soieuce of 
astronomy has progressed, the subject has continually 
presented itself under new aspects. The question, in 
fact, is one of those which are over now and ever old. 
It has all the charm belonging to subjects which men 
in all ages have delighted to discuss, while it is asso¬ 
ciated in the most intimate maimer with the progress 
of modern scientific research. The discoveries which 
are made by astronomers acquire a new interest when 
they are associated with the subject of life in other 
worlds, The interest with which the public regard 
many of those discoveries may, indeed, be said to 
depend wholly on their bearing upon this subject. 

Wo stand in a position much more favouvahlo for 
the formation of just views on the subject of life in 
other worlds than that from which men surveyed the 
planetary and stellar systems thirty or forty years 
since. Never, since men first explored the celestial 
depths, has a series of more startling discoveries re¬ 
warded the labours of astronomers and physicists than 
during the past few years. Unhoped-for revelations 
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have 13660 . made on every side. Analogies the most 
interesting have brought the distant orbs of heaven 
into close relationship with our own earth or with the 
central luminary of the planetary scheme. And a 
lesson has been taught us which bears even more 
significantly on our views respecting the existence of 
other worlds: we have learned to recognise within the 
solar system, and within the wondrous galaxy of which 
our sun is a constituent orb, a variety of structure and 
a complexity of detail, of which but a few years ago 
astronomers had formed but the most inadequate 
conceptions. 

My object, then, in the pages which follow, is not 
solely to establish the thesis that there are other worlds 
than ours, but to present,in anew and, I hope, interesting 
light the marvellous discoveries which have rewarded 
recent scientific researches. Judged merely according 
to their direct significance, those discoveries are full of 
interest. But it is when we consider them in their 
relation to the existence of other worlds, when we 
attempt to form a conception of the immense varieties 
of the forms of life corresponding to the innumerable 
varieties of cosmical structure disclosed by modern 
researches, that we recognise their full significance. 
Although the growth of our knowledge is over accom¬ 
panied by a proportional growth of our estimate of the 
unknown, we seem already entitled to say that we have 

Come on ttafc wMoh is, and caught 
Tho deep pulsations ol tbo world, 
iEonian music, measuring out 
Tho steps of time. 



5 


OITAPTEU I. 

WHAT OUR EARTH TEACHES US. 

Before proceeding to consider the various oircuin* 
stances under which the worlds or systems which 
surround us appear to subsist, it may be well to 
inquire how far we have reason to conclude, from the 
consideration of our own earth, that other orbs in 
space support life. 

It would not be just to argue directly from the fact 
that the earth is inhabited to the conclusion that the 
other planets are inhabited also, nor thence to the con¬ 
clusion that other stars have, like our sun, their attend- 
ant worlds, peopled with various forms of life. An 
analogy founded on a single instance has no logical 
force. And it is doubtful whether wo have not, in the 
moon, an instance which would as effectually serve to 
support a directly oirposito conclusion. It seems all 
but certain, as we shall presently have occasion to 
show, that no part of the moon’s globe is inhabited by 
living creatures, Certainly she is inhabited by none 
which bear the least resemblance to those existing on 
our earth, 'J'hits it might fairly be urged that, since 
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one of the two orba respecting which we know most 
appears to bo uninhabited, there remains no probable 
argument in favour of the view that other orbs besides 
our earth are the abode of living oreaturea. 

Yet the earth in reality supplies an argument of 
great force, when wo consider the evidence she pre¬ 
sents in another light. The mere fact that this world 
is inhabited is, as we have seen, little; but we shall 
find that the way in which life is distributed over the 
earth’s surface is full of significanoe. 

If we range over the earth, from the Arctic regions 
to the torrid zone, wo find that none of the peculiarities 
which mark the several regions of our globe suffice to 
banish life from its surface. In the hitter cold within 
the Arctic Circles, with their strange alternations of long 
summer days and long winter nights, their frozen seas, 
perennial ice, and scanty vegetation, life flourishes in a 
hundred various forms. On the other hand, the torrid 
zone, with its blazing heat, its long-continued droughts, 
its strange absence of true seasonal changes, and its 
trying alternations of oppressive calms and fiercely 
raging hurricanes, nourishes even more numerous and 
more various forms of life than either of the great 
temperate zones. Around mountain summits as in the 
depth of the most secluded valleys, in mid-ocean as in 
the arid desert, in the air as beneath the surface of the 
earth, we find a myriad forms of life. 

But this is far from being all. Various as are the 
physical habitudes which we encounter as we travel 
over the surface of our globe, we are able to trace the 
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existence of other varieties even more remarkable* 
The geologist has been able to tarn back a few leaves 
of the earth’s past history, and though the pages have 
been defaced and mutilated by Time’s unsparing hand, 
he is yet able to read in them of many strange vicissi¬ 
tudes to whioh the continents and oceans of our globo 
have been exposed. But, far back as he can trace tho 
earth’s history—and already he counts her age by mil¬ 
lions of years—ho finds no evidence of an epoch when 
life was absent from her surface. Nay, if he reads 
aright the mysterious lesson which the blurred letters 
teaoh him, he is led to believe that, at the most distant 
epoch to which his researches have extended, there 
was the same wonderful variety in the forms of life 
as at the present day. He can, indeed, find the 
scattered remains of only a few of those old-world 
creatures 5 but he recognises in those which have been 
preserved the clearest evidence that thousands of 
others must have existed aronnd them. He knows 
that of a million creatures now existing scarcely one 
will leave to future ages any record of its existence; 
he sees whole races vanishing from the earth, leaving 
no trace behind them; and he is thus able to form an 
estimate of the enormous extent by whioh the creaturoB 
and races of whioh ho can learn nothmg must have out¬ 
numbered those whose scattered remains attest thoir 
former existence upon the earth. 

Here, then, we have analogies which there is no 
mistaking. Wo see that not only is Nature careful 
to fill nil available space with living forms, but that uo 
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time over vliicb our reaearolies extend has found her 
leas prodigal of life. We see that, within very wide 
limits, she has a singular iwwer of adapting living 
creatures to the circumstances which surround them, 
Nor is this lesson affected—like the general lesson 
drawn from the mere foot of the earth’s being inhabited 
—by anything we can learn from the aspect of our 
satellite. For the arguments against the presence of 
living oveabures on the moon are founded on the evi¬ 
dence we have that the physical habitudes of that orb 
ai-e outside the limits within which Nature effeots the 
adaptation spoken of. 

The moon teaches us, however, that all the celestial 
bodies are not at all times habitable. The sun also 
teaches the same lesson. And it is necessary that wo 
should consider how far the evidence presented by our 
own earth may serve to elucidate this teaching. We 
shall see that terrestrial analogies afford a very sure 
guide ill the midst of many perplexities presented by 
the study of the worlds around us. 

Let us trace out the various degrees of fitness or un¬ 
fitness for the support of particular forms of life, which 
we recognise in various regions of our earth. 

Often, where there exists so slight a difforonco be¬ 
tween two regions of the earth that, to oidinuiy obser¬ 
vation, it would appear that the forms of life existing 
in one should bo well adapted to the other also, we yet 
find that this is not the case. Some minute peculiarity 
of soil, or climate, or vegetation, will render one region 
absolutely uninhabitable by a mce which lives and 
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thrives in the other. Darwin mentions several in¬ 
stances in which an apparently insignificant change in 
the circumstances under which a particular race has 
thriven, and sometimes a change which does not, at 
first sight, appear to he in the least connected with the 
well-being of the race, has led to its gradual disappeai’- 
ance. And it seems demonstrated that even the slow 
processes of change to which every part of the earth is 
subjected would suffice to destroy a number of the 
races now subsisting on its surface, wore the character¬ 
istics of those races unalterable. But as the physical 
habitudes of their abode slowly change, the various 
races of living creatures slowly change also, so as to 
adapt themselves continually to the varying oiroum- 
stances under which they live. 

The lesson taught us by this peculiarity is very 
obvious. On the one hand, we see that it would be by 
no means sufficient to indicate a general rosemblanco 
between the physical habitudes of our earth and those 
of some far distant planet, in order to prove that that 
planet is the abode of living creatures resembling those 
on our own earth. But, on the other hand, wo are 
taught that the existence of differences sufficient to 
render a distant planet an unsuitable abode for such 
creatures as we are familiar with cannot force upon us 
the conclusion that the planet is uninhabited, On the 
contrary, the circumstance we, have been oon sidering 
teaches us that such differences as would suffice to 
banish life of certain kinds are insufficient to banish 
life of all lands, or even to render less abundant the 
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forms of life -wliiolr exist xinder those changed condi¬ 
tions. 

And no-sT we may proceed a step farther, On our 
earth we find differences of climate and of physical 
habitudes generally, which are much more important 
than those hitherto dealt with. We see that not only 
ATonld certain races perish in the long run, if removed 
from their own abode to other paiis of the earth, but 
that, in some instances, the process of destruction would 
be very rapid indeed. If we were to remove the polar 
bears from their Arctic fastnesses to tropical, or even, 
to the warmer parts of temperate regions, a very few 
years would see the end of the whole ince. The races 
inhabiting steppes and prairies would quickly perish if 
removed to mountain regions. Those accustomed to a 
moisture-laden air and abundant vegetation would not 
survive long if removed to the desert. 

In some races, indeed, we find a poAver of endui'ing 
such changes wliioh very far exceeds that possessed by- 
other races. Those creatures, for example, which man 
has domesticated seem capable of enduring a variety 
of climate or of circumstances, which would destroy 
the seemingly more vigorous races not yet subdued to 
the yoke of man.* 

' nvmboldt tells us that ‘ the pliability o£ the organisation of 
those animals ’whiob man baa subjected to his sway enables horses, 
cowsi and other species of European origin to load for a time an 
amphibious life, surrounded by orocodiles, water-serpents, and mauEL- 
tees. 'When the rivers return again to their beds, the horsos 
roam in the savannah, which Is then spread over with a fino 
odoriferous grass j and enjoy, as in their native climate, the re¬ 
newed vegetation of spring.’ 
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Even man himself, however, though he possesses in 
an unrivalled degree the power of enduring in safety 
the most complete change of climate, scene, and oir- 
oumstances, is yet limited, in a certain sense, in his 
power of migration. The Englishman, for example, 
can endure the fiercest heat of the tropics or the 
bitterest cold of Arctic and Antarctic regions. But 
he cannot safely attempt to found true colonies in 
every part of the earth’s sm-face. Our countrymen in 
India must send their children to be reared in England, 
if they wish them to grow up strong and vigorous, 
Tliere can be little doubt that if a thousand men 
and women from this country were to settle in certain 
parts of India (not at any time intermarrying with the 
natives), the colony would disappear within a couple 
of centuries. 

Here wo have a second degree of unfitness, accord¬ 
ing to which certain countries would quickly become 
depopulated, if supplied with inhabitants from certain 
other countries. We are taught the same lesson as 
before, but in a more striking manner. We see 
that differences exist within the confines of our own 
earth which render particular countries absolutely 
uninhabitable by particular races, insomuch that, though 
the individual might survive, the race itself would 
quickly perish.. And wo see, on the other hand, that 
these countries are not uninhabited, or even loss fully 
peopled with living creatures, than seemingly more 
fortunate abodes. 

Now, if some impassable barrier prevented the 
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inliabifcanta of ono country from visiting others, while 
yet it was possible to learn something of the conditions 
prevailing in other regions, how readily the conclusion 
might be reached that some at least of those inac¬ 
cessible regions must be wholly uninhabited, simply 
because their physical habitudes appeared unsuited 
to the wants of the only creatures with which the 
observer was familiar* Who would believe, for ex¬ 
ample, that men can live, and not only live but thrive 
and multiply, in the frost-bound regions within the 
Arctic Circle, if travellers had not visited the Esquimaux 
races, and witnessed the conditions under which they 
subsist? Again, if we knew nothing of India, and 
some one pictured to us the intense heat of the Indian 
sun, the strange alternations of weather which replace 
to the Indian the seasonal changes we are familiar 
with, and all the other circumstances which render 
tropical regions so different from our English home, 
who could believe that, amidst those seemingly un¬ 
endurable vicissitudes, there are races of men that 
thrive and multiidy, even as our pooplo in their tem¬ 
perate zone? ^ 

Therefore, in examining the oiroiiinstancGs of other 

^ Perhaps the most striking iiistanoo of man’s powor of living 
ander oiroumstanoos seemingly tho most unfavourablo is to ho 
found In tho fact that though tho strongosb travollor is alVcotoa 
Borloualy by tho rarity of tho air at grout olovatlons, yot raoos of 
men live and thrivo In Potosi, Bogota, and Quito, and—to nso tho 
words of a modorn writer—that hull-flghts shonld bo possible at an 
elevation at which Saussuro hardly had energy to consult hie in¬ 
struments, and where even hia guides fainted as they tried to dig a 
small hole in tho snow 
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wtirlila thjin (nirn, ii will luit bo Hulliciont to prove that 
ft'rtniu «rl)H wouM olwiouHly not 1,0 luibitiiblo by tlio 
rm r-a om tb„ envib, in order to enforce tbo 

eonolniiiun that no living orwiluvea subHiat at nil npon 
(heir etirriEU'i', 

\ «■( tiitoilier atop fm l Inn', however. Therenro reglona 
•if (he citrlh where the inenilnsrH of rncoH belonging 
(« fiber ri-gioiiK iiuicUy [UiriHli. The air of onr own 
iMiglittol iH dealh to many crenturcH. And indeed, 
lltere is rm(, n Hpof, in the whole world which would not 
kt fatal ill a brief Hpiuai lo many auimalH and plunta 
lKilfiigiU}.f (<» ether regieiiH. Yet eiieh npot, though 
thus faliil to eertaiii raeeH, ia liilmhited by nuinlun’H of 
ftlthw wliieb live aud Ibrive upon ilHHurfaee. 

Ilerrt, (hen, 1« our third htHHon. We aro (aught by 
tho analogy of our earth (hat it ia not oven Hudloient 
l« olujw Unit a Ilia not would ho an ahedo (piickly fatal 
to all tiies living creulureH mihaiHling on onr globe to 
|ifovij tlmt it ia Ihiu'i'roro uninliahll.ud, 

lint wo lirivo yet a Mtroiiger nrgiuiienl. to touoh on, 
Tlmro arts regiona of our enrtli to whloh erontnroH from 
oUiof r«'gion« cannot Iw removed without holiig iminc- 
fimkly Uilbd, The warin-hloodcd auimal porinhefl if 
phicMl for a brief Hpiieo under water. The ilah porlBhes 
If iilticotl for a brief Bpaoo on tbo earlli,' What could 
Iw mores wonderful to uh, win’o wo not familiar with 

' {'i»rtm|w Uia fuel tlmt Diorn nro cerinia l(ln(1« ol (lull wliloli 
eso n«t OMljr llv» out of wnlor, liut onn triivol mimiui Uio dry Iimd, 
or «Mmb trra. alToidit an ovou uiuro atrlklitii; titMtnaoo of Knlnrn'a 
powor of MclniHliiK oronlurtis to tito olrouiniiliiuaoa wtilult aimoniid 
Uttni 
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tlie fact, than that there are living oronturoa 'within the 
depths of that ocean boneath wlioae surface we ouv- 
aelves, and the land oreatures wo arc familiar with, 
cannot remain alive many minutes? If fishes could 
reason, how could they holiove that creatures can live 
in comfort in that element which is death to them F 
Yet land and river and sea arc alike peopled with 
living oreatures, each race as well adapted ns its 
fellows to the circumstancoa in which it is placed. 

We are taxiglit, then, yet another lesson. Wo see 
that even though we could prove that every living 
creature on this earth wonld at once perish if removed 
to another orb, yet wo cannot thence conohido that 
that orb is uninlmbiled. On the contrary, the lesson 
convoyed by our earth’s analogy lends to the conclusion 
that many worlds may exist, abundantly supplied with 
living creatures of many different species, where yet 
every form of life upon our earth—^hird, beast, or fish, 
reptile, insoot, or animalcule—would perish in a few 
moments.' 

There remains yet a last lesson to be drawn from 
terrestrial analogies. On the earth there aro regions 

’ 1 miglit nM to the Instoncoj hero oUod many otlioro whloli 
Boom ovon movo striking. 'Wo know tlmt in strong nolds wWoh 
would instantly kill bird, boast, fiali, orinoool placed ■within thcra, 
tlioro exist and thrive miniito orontnros, adapted by Nature to tho 
strange conditions in wliloh they nro plaoocl, ISvon in Iho bowols 
of tho earth and in tho very neighbourhood of aoUvo volcanoes, wo 
find tlio Volottiio-nsli existing In such coimtlofis thoueauds that 
when they arc‘from time to lime vomlled forth by tho orupling 
mountain tholr bodies are strewn over enormous regions, ond, n« 
they putrefy boneath the sun’s rnys, spread postilcnoo and disease 
among tho Inhabit ants of the iioighbourlng distrlots. 
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Klii'h* iiti furiti of lifn i‘xi«l 8 <*r (tan (txiHl. Within l h« 
Ihiiiiiug cnttitf tif lint, v<il('uint, or in llin fid/.ttii In'tirl. of 
Ihn in* livin^f t’n'utnri' IiuhiIn l«tiuj,j. Vnl.nvnii 

lii’i'c iS’ulurct piitvt H hi iiH l liiit. I hit cihI and nini nf 
till liar Workiiifi ia (*» alVuril ta'inm himI laimn fni* ninv 
forinsi Ilf lifi', in' (o i>it|iiily (hn waiilM nf (Inmi! wliinh 
aUi'uily I'xint. Tint vnlraun will ilin mil, innl ilm 
msi'in! nf iU iialiviiy will nun iluy lii'riiiin) f.lio lUiiidn nl 
niyriiulM «>f liviiij^ on'nl.un'H wlm winiUl Imvn iii'vlrtln!il 
ill II inuinant in it*t ititjiHiiiiiiii)^ (iraM. Tint iiutln-rg will 
innll, iinil itii HiLhaliiiiitn will minn iigniii lii; [iiuiiiIihI wiili 
liUHy Ufa. Bub (liia Ir lillln, II. In tlin wmlc of wliioli 
volcimo luiti U’ltliarg arts bins HigiiH, whinh lunab Higiiili- 
I'lmlly laiiolutH UH wliul, in Niiluni^H rt'iil aim, Thn 
vnli'iiiin in Ilia iiiiinx of I hri.“io liiwy Huliltniunauu fort'i'H 
whlitli art) rttiiiiHlitlling (liit I'arlh’a friinii!, Mhiwly iiliiuig» 
iiig ilia litvol of (hf Ituitl, luakiitg it|>uUiK*iilH of mtiiuiia 
and oeaunu of ttniiliui'iilH, pinfnnvlng iiial vivifying all 
IhingH, wliilo 111! UiiitgR atnau bo Miill'cr n gnuliial 
dt'Hbriujlinii. Tho lottlnTg, boo, lia» ita worli: in m- 
iuodolliiig anil fiiHltiniiiiig blio Miirfaim of now ooiil iiiinibH, 
Ib also ncbfl an itu|iorlttnb pnrb in blm fniniaf iini uinl 
mniulttnaiittcs of blm ayaboiu of omautio oiruiilHlitin on 
which blio wolfnrc of iiiinl oiimt nroH iintl water ori'iituniH 
HO largely diiiasnilM, And ho of a niulliliida nl' obliur 
phoiKmicna, wlili’)t a)ii|H.inr ab lirtibnlghb aignilicanb ralhor 
of the (leabnioilvii bhiin of Ilia 1 ire>'preHi!rviiig eliai'iuibcr 
of Nature, Tins bornadn and bho bhmiiU'r-Hborxn, (he 
uarllitiuakis iiial I ho volfauo<~'iiiiy, oven bho dreaded 
raliiriw of [ilagUM and iichUIi’UI'o, have entdi a more 
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powerful influonoo by far towards the prcBeiTation than 
they have towards the destriiotion of life, 

We see, then, that even if wo conlcl prove that an 
orb in apace is so circumstanced tlmt no life could by 
any posaibility exist upon its surfiiee; if it were the 
scene of a fierce and dostrnotivo turmoil, one moment 
of which would auflico to destroy every living creature 
now existing upon the earth; if its whole mass were 
heated to a degree a tliousaudfold more intenso than 
that of the fiercest heat we know of; if its siirfaco wore 
hound in a cold compared with which our Avotio frosts 
would seem like tropical heat; or oven if the most rapid 
alternation of these extremes took place upon and 
within it~Gvon then wo could not conclude that it has 
not boon in long-past ages, or will not he in agos yot 
to come, the abode of life, 

Lastly, even when avo can safely assert of any 
celestial object that neitlKjr now, nor at any past or 
future time, could it servo as the abode of living 
m-eafcures, we are led by teii'cstrinl analogies to the 
conclusion that it yet supports life in other ways. 
So that these very orbs, of Avhieh it seems safest to 
assert that they are, have over been, and must over 
remain uninhabited, speak to us, no less strongly than 
those which apiiear best suited for habitation, of the 
existence of other worlds than ours, 
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WHAT WK I.KAUN TUOM Till! HHN, 

r no „n|, lo dw„ll in tl.iH on tho vIow« 

whioh luivii Imt'ii {iro|MiiiiKl(i(l r(iHi«>(!tin^r tho sun’s 
hnhiluliiliiy. It iM „„t inoroly fchal; I vogm\ those 
vimvH UH (.K. fnn.-ili.l to (uid plu,.,, in a eon- 

Hi'h-ialion oC tho Miihjoot I mu .loaliutr with, nov that 
111'* of looonl, ohsorviiUon has nmdofotl tlioiri 

... . Hint, in laol, they do u„fc b,., 

IH what tho jitiu tom.-h.*a us. I wish to oonsidor 
"Illy tho roal ovidonon whioh tlio lani adbrds rosjiootiiifr 
Ml.* rohonio ..r .aonlion, lo dwoll u|ion tho imi|)osoK 
wliiidi hoHidi a-rvoa in (ho ooononiy of tlio Holar systoin, 
and Mo nro In dodiioo n lossou roHiiooliiifi llioso otlioi* 
HimiH Hcallorod thion^.h Himon whioh wo <;all tho iixod 
slai'rt. 

lad. UH iii'rtf oiidoiivour to fonu iidonnatoooncoptions 
n-«itf(*liiitf tho diiiioiiNiouN of thogioatooutial luniinuvy 
or Uin Hnliir 

J mfc I ho T.-ador oounidor a tovronti-iid gloim tliveo 
inohoMiu dianiolor, nud soiiidi out on that ghibo tho 
tiny trJainfulur Hjn olt wliioh roi'toHimts Mcoiit Ilritain. 
Thou lot him omioavour to iiiotuio tiio town iu whioh 
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Next came the diBoovery that the solar spots are not 
surface stains, but deep cavities in the solar substance. 
The changes of appearance presented by the spots as 
they traverse the solar disc, led Dr. Wilson to form this 
theory so far back as 1779 } but, strangely enough, it is 
only in comparatively recent times that the hypothesis 
has been finally established. For even within the last 
ten years a theory was put forwm’d which accounted 
satisfactorily for most of the changes of appearance 
observed in the spots, by supposing them to be due to 
solar clouds hanging su8j)ended at a considerable eleva¬ 
tion above the true photosphere. 

Sir William Ilersohol, reasoning from terrestrial 
analogies} was led to look on the spot cavities as 
apertures through a double layer of clouds. He argued 
that were tire solar photosphere of any other nature, it 
would be past comprehension that vast openings should 
form in it} to remain open for months before they oloso 
up again, Whether we consider the enormousrnpidiiy 
with which the spots form and witli which their figure 
changes, or the length of time thutmauy of them remain 
visible} we find ourselves alike perplexed, unless wo 
assume that the solar photosphere resembles a bod of 
clouds, a stmtum of terrestrial clouds open¬ 

ings may be, formed by atmospUerlo disturbances, bub 
while undisturbed the clouds will retain any form once 
impressed upon them for a length of time oorrespond- 
itigio the webks ,and months during which the solar 
spots .endure. ; . '' ■. 

■j;. 'And beoaus^' jbhe Solar sp6W present two distinot 
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r;iiii:(tie« of light, the faint peiiniubva anti tlio dark 
\tiiilirn or iiiioIouh, llnriichcl huw tlio ncooHHity of ae- 
ttniuitig that thovo arc two bctlHof ckmdB, tliooutofHolf- 
liunitKiim iiud I'oimtitiitiiig tlio truo Hnlar pliotoHplitsro, 
tho imior rolha?! ing tb« liglit rtaioivort froui tlio outer 
layer, anti ho »Iiit'kliiig the nail Hurfann of tlio Hun from 
tho inlenau light and heat which it would othorwiso 
rtsceivo. 

But while rcetnit dincovericH have conllrniod Sir 
WllUniu licrBclioVa theory about tlui solar cloud- 
anvelopeg, tlioy have Ijy no nieans given countommeo 
to bia view that tlio body of Iho sun may yossibly bo 
cool, Tho diirknesa of the nucknis of a spot is found, 
on tho oontrnry, to give proof that in that neiglibour- 
homl tho Him in butter, Iioimiuhc it parts loss readily, 
with iU heat. Wo shall sue prosoutly how this ia. 

Moantlmo lob it be noticed in iMissing that a oloso 
aorutlny of largo solar Kpots has revoalud tho existence 
of an Intonaoly dark spot in tho midst of the umbra. 

This spot must li© regarded ns Uie truo nucleus, 

Tim oiroutusUuioo tliat tho spots appear only on two 
bands of tho sun's globe, corresponding to the sub- 
trapical «0Be# on our own oiutb, led tho younger 
Horeehel to coimlusiotis ns important as thoso wbick 
his fablmr lifld formocl. Ho rouaonocl, like his father, ? .:- 

from teOBtrial annloglos, On our own earth tho sub- ” 

tropiodi iiones ore the region# where the groat oyolonio 
etorm# have their birth, end roge with their chief fury, v-s 

Hare, therefore, we have tho analogue of the solar, 
ipoti, If only wo (sm ahow .roaBon for believing that 
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any causes resembling tbose wliich generate tlie fcei^ 
restrial cyclone operate upon those regions of the snn 
where the solar spots make their appeai’anoe, 

We know that the cyclone is dire to the excess ol 
beat at the earth’s equator. It is tme that this ex¬ 
cess of heat is always in operation, whereas cyclones 
are not perpetually raging in sub-tropical climates. 
Ordinarily, therefore, the excess of heat does not cause 
tornadoes. Certain aerial currents are generated, whoso 
uniform motion suifices, as a rule, to adjust the condi¬ 
tions which the excess of heat at the equator would 
otherwise tend to disturb. But when through any 
cause the uniform action of the aerial currents is either 
interfered with, or is insufficient to maintain equili¬ 
brium, then cyclonic or whirling motions are generated 
in the distmbed atmosphere, and propagated over a 
wide area of the earth’s surface. 

Now we recognise the reason of the excess of heat 
at the earth’s equator, in the fact that the sun shiuos 
more directly upon that imrt of the earth than on the 
zones which lie in higher latitudes. Can we find any 
reason for suspecting that the sun, which is not heated 
from without as the earth is, should exhibit a similar 
peculiarity P Sir John Hersehel considered that wo 
can. If the sun has an atmosphere extending to 
a considerable distance from his surface, then there 
can be little doubt that, owing to his rotation upon 
his axis, this atmosphere would assume the figure 
of an oblate spheroid, and would he deepest over the 
solar equator. Here, then, more of the sun’s heat 
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would be retained than afc the polesj where the atmo- 
Hphere is shallowest. Thus that excess of heat afc the 
solar equator which is necessary to complete the ana¬ 
logy between the sun-spots and terrestrial cyclones 
seems satisfactorily established. 

It must be remarked, however, that this reasoning, 
so far as the excess of heat at the sun’s equator is con¬ 
cerned, only removes the difficulty a step. If there 
were indeed an increased depth of atmosphere over the 
Bun*3 equator sufficient to retain the requisite excess of 
heat, then the amount of heat we receive from the 
sun’s equatorial regions ought to be appreciably less 
than the amount emitted from the remaining portions 
of the solar surface. This is not found to be the case, 
so that, either there is no such excess of absorption, or 
else the solar equator gives out more heat, in other 
words, is essentially hotter, than the rest of the sun. 
But this is just the peculiarity of which we want the 
interpretation. 

It may be taken for granted, however, that there 
is an analogy between the sun-spots and terrestrial 
cyclonic storms, though as yet we are not very well 
able to understand its nature. 

We come next to one of the most interesting 
discoveries ever made respecting the sun—-the discovery 
that the spots increase and dimmish in frequency in 
a periodic manner. We owe this discovery to the 
laborious and systematio observations made by Herr 
Sohwabe, of Dessau. In these pages any account of 
his work would be out of place. We need only dwell 
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upon the result, and upon other clisooverieg which 
have been.made by observers who liave taken up the 
same work. 

Sehwabe found that in the course of about eleven 
years the solar spots pass through a complete eyclo 
of changes. They become gradually more and more 
numerous up to a certain maximum, and then as 
gradually diminish. At length the sun’s face becomes 
not only clear of spots, but a certain well-marked 
darkening around the border of his disc disappears 
altogether for a brief season. At this time the sun 
presents a perfectly uniform disc. Then gradually tlie 
spots return, become move and more numerous, and so 
the cycle of changes is run through again. 

The astronomers wlio have watched the sun from 
the Kew observatory have found that the process of 
change by which the spots sweep in a sort of ‘ wave 
of increase ’ over the solar disc is marked by several 
niiiior vaiiations. As the surface of a great sea-wave 
will be traversed by small ripidos, so the gradual in¬ 
crease and diminution in the number of tlie solar spots 
is characterised by minor gradations of change, which 
are sufficiently well marked to be distinctly cognisable. 

There seems every reason for bolioving that the 
periodic changes thus noticed are due to the influence 
of the planets upon the solar photosphere, though in 
what way that influence is exerted is not at present 
perfectly clear. Some have thought that the mere 
attraction of the planets tends to produce tides of 
some sort in the solar envelopes. Then, since the 
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'‘'•iilJit- <»r .1 w. i.nMliHUHl viivuiH m tlio oubo or 

(Itir.l J1..WI-1' ..f Mm. tliiitaiK!.., il, hns bium Iliouglil; Mmt 
o I'liitirl. wIm ii ill iM-iiliiilion would K<)U(!iiil,o ii much 
luiK' i-la.liir lid.. Mian wbon in a]i!i..lion. Ho Unit, an 
liaa a ii,.|i,id n.-aity (.<|ual to tlio Hun-Hpot 
l-. n.nl, il, l„.,.n !aij.pMHi,(l that Uio attraotioiiHof tluH 
|>lani*t. in(> ipitHii.ti.ni, to iu'.i'.ount for tlio groat apot. 
pi iiinl. \ oiiiiH, IMoroury, tlio 1 'lartli, and Hatuni have 
ill a niitiilar inaniior, b(!<!U rondorod aooountablo for tho 
I lioib.r anil Iona diMliiiotly inarlced periodH. 

iUionf donyiiig Umi, (ho phniotH may bo, and 
|iiol>iibly iii'o, llin boilioH to wlinoo inlluoiioo tho solar* 
apnl poi iodn am to ho aaoribod, t yot vonturo to oxprofls 
v.'ry ..Ivmig iIouIiIh whoMior tho aotioii of Jupiter is 
If. iniioli finalor in laailiolioii tlinu in aphelion na tc 
iioi'oiiut lor the laot dial, wlioreaH at ouo Hcaaou tho 


I'iioo of Iho mm ahowH many Hpota, at aiiotlior it is 
wholly IV(!i- from them, 

llowover, wo am uol. at proHout eouiioniod ho inuoli 
with Him .'Xiilniiiilioii of laola an with tho faatH thom- 


li.'lvnif. Wo liavo to eoimidor riitlior what tho huh 1«, 
and what Iio doen for tho milar ayHloin, than why tlioHo 
tliiiigii am Ko. 

Lot Hfi nolo, boforo patiHing to other oimuiimtanoefl 
of inlori’Hl. ooiim'otod with tho huh, that tho variablo 
. oiidil ioii of bin photonphoro miiHt oauKo him to olumgo 
in biilliaiioy na hoou from viiHt diHtaueoH. If Hurr 
Hihwidio, for inatanoo, iimtead of olworving^ tho Him’s 
!«polH from hin wateli tower nt Dohhivu, could luivo re* 
moved hitiiHi.lfto a dmtuucu ho uuormoim that thuHun’ii 
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disc would have been reduced, even in the most power¬ 
ful telescope, to a mere point of light, there can be no 
doubt that the only effect which ho would have been 
able to perceive would have been a gradual increase 
and diminution of brightness, having a period of about 
eleven years* 

Our sun, therefore, if viewed from the neighbour¬ 
hood of any of the stai’s, whence undoubtedly he would 
simply appear as one among many fixed stars, would 
be a ‘ variable/ having a period of about eleven years, 
and a very limited range of variation. Further, if 
an observer, viewing the sun from so enormous a dis¬ 
tance, had the means of very accurately measuring its 
light, he would undoubtedly discover that while the 
chief variation of the sun lakes place in a period of 
about eleven years, its light is subjected to minor varia¬ 
tions, having shorter periods. 

The discovery that the periodic changes of the aun*fl 
appearance are associated with the periodic changes in 
the character of the eartlfs magnetism is the next that 
we have to consider. 

It had long been noticed that during the course of 
a single day the magnetic needle exhibits a minute 
change of direction, taking i)laee in an oscillatory 
manner. And when the character of this vibration 
came to be carefully examined, it was found to corre¬ 
spond to a sort of effort on the needle’s part to turn 
to\varda the sun. For example, when the sun is on 
the magnetic meridian, the needle has its mean posi¬ 
tion. This happens twice in the day, once when the 
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.'nil lii Il„. ... wlionlioiH bolow it. 

Aiiiiin, wln<ii tlm mm ia midwuy boUviusu Uioho two 
|iomli..ii!i whirli altio liiiinmiiH twioo in tlio diiy—fclio 
n. f.lli. Ims ilH iiiraii tiorni ioii, bccmiKO tlm novthoniimd 
tbo tioullu.in t'lidu iiudm (:<pud onbdH, ko to Himak, to 
dncrl, »o\va>(l« tlui mm. Four tinioH in the 

.lay, thin, (ho iiccdhi lia«itHm(!un pomtion, oriadiveeted 
towardii I III. mri;(it(.li(i nieridiim, lUit wlien the mm ia 
not in mill ol llm fmir juiHilioiiH coiiHidered, that end of 
I la. neiHlIe wliieli ia iiearoHt to liim in Bliglitly turned 
away Iroiit if n ineiin position, towardaliiin. Tiiecliaiige 
ol jiimilioii i,4 very iiiimile, and only tlie exiieb uuithodK 
ol'iibKerviiliou made uko of in the jm.Kont ago wovdd 
have, milliited lo reveal it. Tlioro it ia, however, and 
lliin iiiiimle and wiemiiij'ly uniniporlant peeiiliarity hna 
been rmmd to be full of nieimiiig. 

Had m.ieneeiiieroly nieiianred Huh iiiimd.o variation, 
the work would have given Htriking ovidenee of iJie 
exaet apii it in wliieb men of our day deal with natural 
jilienttmena. lint Hoieiiee wiih to do muoli more, ll'ho 
vaiiatiouH of tluM niiiiuto variation wore to bo inqidrod 
iido; I heir [leriod wan to bo mauelied for } the laws by 
which they wino regulated, and by whioh their poriod 
iiiiglit iierha|m itw.lf bo rendered variable, were to bo 
esainincd | and linally tlieir relation to other natural 
liiwH wiiM t.i bo Hoiiglit after. Tlmt Boienee Hhould Hot 
liei'Hijlf to an iiiguiry ho delieate and ho dillieult, in a 
Hpirit Ko exuel ing, wiiH nothing uiuuiual. It in tliuH that 
all the great diiieoveritm of our ago have been edbotod. 
Hut it iu well that the reader Hhould recogniKu the 
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careful senitiny to which natural phonoinena have 
been subjected before the great laws wo have to con¬ 
sider were made known. It is thought by many, wlio 
have not been at the pains to examine what science is 
really doing in onr day, that the wonders she presents 
to mon^s contemplation, the startling revelations whi(jh 
are being made from day to day, are merely dreaniH 
and fancies, which replace indeed the dreams and 
fancies of old times, but have no worthier claims on 
our belief. Those who carefully examine the history of 
science will be forced to adopt a very different opinitau 

The minute vibrations of the magnetic needle, thus 
carefully watched—day after day, month after month, 
year after year—-were found to exhibit a yet more 
minute oscillatory change. They waxed and waned 
within narrow limits of variation, but yet in a manner 
there was no mistaking. The period of this oscillatory 
change was nob to be determined, however, by the oli- 
servations of a few yearsd Between the time when 
the diurnal vibration was least until it had reached its 
greatest extent, and thence returned to its first valui?, 
no less than eleven years elapsed, and a much longer 
time passed before the periodic character of the change 
was satisfactorily determined. 

^ Tho reader must nob imdorstand that the account boro given 
presents in any sense even a general view of fcho labours of tlioHn 
who bavo stucTiod tbe earth’s luagnobism, I touch only on Uioho 
points by which tlio aasooiafcion bofcweon the earth’s magnotiam and 
tho pliysloal condition of the sun are most clearly indicated j )jo- 
oauao those points alone bear on tho subject of this chapter. How 
Ihoy do so will appear further on, 
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I Ih* rr'!i(l<‘r will iii, rnuin wlmi; thoH« obHnrviitionh 
ItimI to* tlio v;ivy in fniquoiioy within a 

iM'i hiil fil i‘lnvt^u yi'arrt, anti thn inafynatio tUimial ob- 
r.vv\'ni\i>m vary within a panoil (»f Uu3 nmno dura- 
tinii. It mifflit Hiann fantiirnl to asHtanato tho two 
laaiiulin m>rit‘n t>f l.t^iroMn^r, and (loubUoHtt wlum 

(In^ uU% hnit tuanintal tt^ >SalnnU) it waa not with any 
/tn at of limliiiK it oinilirin<Mh fhat ho ox** 

aiiiiniMl tint ovithniion h(?annf/ on Iho point, Judging 
from known faolH, w'o may Hot» rouHonH for Hiath an 
fxpt'iilutuat in th(^ coiToHpondonoo of tlio iioodlo’H 
dinnial vihvaiion, with tluj Hun*H apparout motion, 
lual alKti in thtj law wliioli aHsntnaUm tho aininul 
vaiiaiitnui of tlm ma/puitV powta* with tho hiiu*h diH- 
lamo. Hut umlmddtfdly wImmi Ihti idoa odouiTod to 
it wan an oxfotnlingly hold ono, and tho 
riilionlo wilh which tJm lirat uimonmajmout of tluj HUp* 
p'c'U’tl law WMii rtaanvotl, tnaoi in Moitmtilio oirtdoH, Hiif** 
tli’oii (11 ahtiw Intw um'xpool.otl that volatitni wuh width 
in now {in Ilitaonglily t'lilaldialuah Kor a oandul oom- 
j^ariitm htttwoon (lot two poritKla hiui dtanouHlraUid that 
f imy agrot? tmiKt ptnlotitly, imt montly in knjglh, hut 
mitximnm for maximum, anti ininimimi for minimum* 
Wlmn tlo^ Miin-HiMtia aro nmst numtwouH, tlum tln^ daily 
vilaaiitui ttf tint magmh ih moHt ttxtonHivo; whilo whon 
tint Huida fatal in olouv tif Hpotn, tlio noudlo vibmLoH 
tivor ilM Hmidh*Ht tlinvnal aro* 

'rimn tho intonaity of tho magmdio aotion lum l)oon 
romol In tlojiond t^pon milar inlluonotiH, Tho vilmi** 
iiuuH hy whiolt tho nooillo iudiaatofi tho progroHH of 
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blioae strange disturbances of the terrestrial magnetista 
which are known as magnetic storms, have been found 
not merely to be most frequent when the sun’s face 
is most spotted, but to occur simultaneously with the 
appearance of signs of disturbance in the solar photo¬ 
sphere. For instance, during the autumn of 1859 
the eminent solar observer, Carrington, noticed the 
apparition of a bright spot upon the sun’s surface. 
The light of this spot was so intense that ho imagined 
the screen which shaded the plate employed to receive 
the solar image had been broken. By a fortunate 
coincidence another observer, Mr. Hodgson, hap¬ 
pened to be watching the sun at the same instant, 
and witnessed the same remarkable appearance. How 
it was found that the self-registering magnetic instru¬ 
ments of the Kew observatory had been shaiply dis¬ 
turbed at the instant when the bright spot was seen. 
And afterwards it was learned that the phenomena 
which indicate the progress of a magnetic storm had 
been observed in many places, Telegraphic commu¬ 
nication was interrupted, and at a station in Norw.uy 
the telegraphic apparatus was set on fire 5 auroras 
appeared both in the northern and southern hemi¬ 
spheres during the night which followed; and the 
whole frame of the earth seemed to thrill .responsively 
to the disturbance which had affected the great central 
luminary of the solar system. 

The reader wll now See why I have discussed 
relations which hitherto he may perhaps have thought 
very little connected with my subject. He sees that 
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Hu-i-.r in II liim.l .if HyinimUiy bisi wci.u onr wivth luiil Uio 
fHiu ; lliitl, no (linl.mbiiiHio «-iin nllbct Uu» Holnv photo- 
willioiil alVi-flinij nnr (•mill In n gri'iilL'v or Icjhh 
• li'i'ii'o, tbir il (till' t'lirlli, l.limi iilno llio oUior plimiitHi 

M*'i(’iny anil Nb'iinn, an iiuioli iioavi'r itl<^ kuvi than wo 
aif, lanoly |•(')ilu)nl^ avon inoro awiflly and innro dia- 
liin-lly III Ilia nnlar mafriiolio inllinniooH. lint boyoiid 
nm- l•lnlb, and biyninl |.lni mbit ol' innmiloHH Maia, tlio 
imiipii’lii! iinpubimi h|iitiI \vi(b tint volooity of light. 
Ilia vanl glnbo Ilf ilnpili‘1' ia tlirilloil from polo to polo 
U-I Ilia magnalia wavo ioIIh in npou it; Ibon yiituru 
laala Ilia abiiak, mal tbaii tint vaat diatainioK boyond 
wliiab lilt Uianvmmul Ni>|itnini aro awapt by tint ovor- 
l■’‘it(.'11111)1: yt avar-wiilaniiig diHtiirbainut-wavo. Who 
i ball Miy wliat, onlar planota it than Haaka? or who, 
liiiilnni' bat'k n|iiin Ilia l•ollrall ovar wliiith it liaa tni- 
Vi'lb'ibaliall nay Ibal planal.M alono laivit fait ita oll'aatH'i’ 
Malrmia aial I'mnatin ayalitina Inivo liaan viaitad by tint 
I't. nl mairiialii! wava, and upon tint iliaparaad mamliara 
Ilf Ilia ana and tint aulilla alriiittiiro of tbo otliar olToata 
avail nima iniporlaiit may liavit liaon proibiaad than 
Mtii'!i* I'lrildng [ihanomaiiii, wbioh oharactariao Iho pro- 
giaii'i of loiriinti'iid or planatary magnotio atorma. 

Wilt'll wi? vainiiiiibar tliat wlint ia tnio of a roiii- 
tivi'ly gn at aoiar illHtiirbainio, auali aa tint 0110 wit- 
iioiiitad liy Mojiani. (larriiijftou and llodgaitn, ia trno 
aliiii (liiiwavin’ dillitroid. in dagrmi) of tbo miignotio in- 
lltioiifoa wliiali tbo anil ia at ovory inatant oxorting, wo 
«i'i! tliatn nmv and iniial. iniportantlioiid of union oxiata 
bi'lwattn tbo inaiiibin'H of tbo Holar fiunily, Tbo Him 
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not only sways them by the vast attraction of his 
gravity, not only illumines them, not only warms thorn, 
but he pours forth on all his subtle yet powerful mag¬ 
netic influences, A new analogy between the members 
of the solar system is thus introduced. 

And now we pass on to other discoveries, bearing 
at once and with equal force upon the relations be¬ 
tween the various members of the solar system and 
upon the position which that system occupies in the 
universe. 

Hitherto we have been considering the teachings of 
the telescope j we have now to consider what we have 
learned by means of an instrument of yet higher 
powers. As I shall have to refer very frequently, 
throughout this volume, to the teachings of the spcti- 
ti'oscope, it will be well that I should briefly desorilHi 
what it is that this instrument really effects. Wore ,I 
simply to state the residts of its use, without describing 
its real character, many of my readers would bo dis¬ 
posed to believe that astronomers are as credulous as 
in reality they are exacting and scrnpulous, where new 
facts and observations are in question. 

The real end and aim of the telescope, as applied 
by the astronomer to the examination of the oelestial 
objects, is to gather together the light which streams 
from each luminous point throughout space. Wo may 
regard the space which surrounds us on every side as 
an ocean without hounds or limits, an ocean across 
which there are ever sweeping waves of light either 
emitted directly fi’om the various bodies subsisting 
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MiiiHMs or oIho rolloolod from fhoir HtirfiiisoH. 
IW-nift of wuvo iilHo HiMUMl iimm Uioho limi(,IcH» 
‘ I‘l iH ill il\\ (luonUoilH • l)u(i tlio Ii^(llt-\V11V0H liro tllOHO 
wliioh id, i.rolioni, ooiu-oni uh. Om- omUi in no n miuulo 
•HliiiKi plu.m.1 wiMun Ui« of Bpuoo, and to tho 

of (l,i« liny iH|(, 11,0 li,rh(,wav()H Ixmr tlioir moH- 
f’iil'o Irom l lio orl)H wluoli Ho liko othm- ixloH amid tho 
follioinlt'jw do[il.liH around oh, With tho toloHuopo tho 
JOilroiioini'r jjadima to;{ollmr porlionH of light-wavoH 
wliii'hi’hio would liavo travollod in divorcing dirootionH. 
Hy itHonwfyuig (i„,iv onabloH tho oyo 

lo lii'fomo (Htgnis-ant of tlioir trim nature, rrooinoly as 
Iho nnrrow oliannolH around our shoroa cauHo tho tidal 
wave, ivhioli nwoopH aoroHS tho oimn ocean in almost 
Insoimihlo undnlul.ioiiM, to rise and fall through a wide 
inugo of vnrialion, so tho toleacojm vinuloi’S HoiiHiblo 
tho oxinlonoo of lighl.-wavim whioh wonhl oseapo the 
m\\ivv of Ihif tniiudrfd oyn* 

'I’ho lolonnopo, tlimi, is oHsontially a li(ilU~(/(Uheror. 

'I’ho H]ii:(tlvoiico]to is used for uiiothor purposo. It 
loiglit bo culled Iho ft is applied by tho 

aslionomor to analyso tho light whioh couios to liirn 
from boyoiiil tho ocean of spuco, and so to onablo him 
to learn Iho eharaotor of tho orbs from whioh that 
light procoedM, 

'I'ho priueiplo of tho iimtrumont is simplo, though 
tho appliaiuM'H by whioh its full powors can aloiiu bo 
educed aro Homowhat compliiMited. 

A ray oi sunlight fulling on u prism of glass or 
crysla! dooii nob otnergo unohanged in ohurnotor. 

I) 
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Diffiirent portions of tlio ray aro differently bent, so 
that when they emerge from the prism tlioy no longer 
travel side by side as before. The violet part of tho 
light is bent most, tho red least 5 tho various colonvH 
from violet through blue, green, nnd yellow, to red, 
being bent gradually less and loss. 

The prism then soria, or aifta, tho light-waves. 

But we want tho means of sifting tho light-wiives 
more thoroughly. Tho reader must boar with mn 
while I describe, as exactly as possible in the brief 
space available to me, tho way in which tho first rough 
work of the prism has been modilied into the delicate 
and significant work of the spoctrosoopo. It is well 
worth while to form clear views on this point, bccauHO 
so many of tho wonders of modern science aro nsso- 
oiated with spcotroscopio analysis. 

If, through a small round Imlo in a shutter, light 
is admitted into a darkened room, and a prism bo 
placed with its refracting angle downwards and hori¬ 
zontal, a vertical spectrum, having its violet end upper¬ 
most, will bo formed on a screen suitably placed to 
receive it. 

But now lot ns consider what tliis spootrum really 
is. If we take tho light-waves corresponding to any 
particular colour, wo know from optical oousidorations 
that these waves emerge from tho prism in a pencil 
exactly resembling in shape tho pencil of white light 
which falls on the prism. They therefore fonn a small 
circular or oval image on their own proper part of tho 
Epectrom. Hence the spectrum is in reality formed of 
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ft miiltikide of overlapping images, varying in colour 
rorn violet to red. It thus appears as a rainhow- 
tintecl streak, presenting every gradation of colour 
between the utmost limits of visibility at the violet 
and red extremities. 

If wo had a square aperture to admit the light, wo 
should get a similar result. If the aperture were 
oblong, there would still be overlapping images 5 but if 
the length of the oblong were horizontal, then, since 
each imago would also be a horizontally-placed oblong, 
the overlapping would be less than when the images 
wore square. Suppose we diminish the overlapping as 
nauoh as possible; in other words, suppose we m.ake 
the oblong slit as narrow as possible. Then, unless 
thoie wore in reality an infinite numher of images dis¬ 
tributed all along the spectrum from top to bottom, the 
images might bo so narrowed as not to overlap j in 
which case, of course, there would be horizontal dark 
spaocB or gaps in our speotrum. Or again, if we 
failed in finding gaps of this sort by simply narrowing 
the aperture, we might lengthen the spectrum by in¬ 
creasing the refracting angle of the prism, or by using 
several iirisms, and so on. 

The first great discovery in solar physios, by means 
of the analysis of the prism (though the discovery had 
little meaning at the time), consisted in the recogni¬ 
tion of the fact that by means of such devices as the 
above, dark gaps or cross-lines am be seen in the solar 
spectrum. In other words, light-waves of the various 
gradations corresponding to all the tints of the spec- 
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truni from violet to red, do not travel to ns from tho 
great central luminary of our system. Remembering 
that the effect we call colour is due to the length of tiro 
light-waves, the effect of red corresponding to light¬ 
waves of the greatest length, while tho olfeob of violet 
corresponds to the shortest light-waves, wo see that in 
effect the sun sends forth to the worlds whioh circle 
around him light-waves of many different lengths, hut 
not of all lengths. Of so complex and interesting n 
nature is ordinaiy daylight. 

But spectroscopists sought to interpret those davlc 
lines in the solar spectrum, and it was in carrying out 
this inquiry—which even to themselves seemed almost 
hopeless, and to many would appear an utter waste of 
time—that they lighted upon the noblest method of 
research yet revealed to man. 

They examined tho spectra of tlie light from incan¬ 
descent substances (white-hot motiilsand the like), aiul 
found that in these spoctm there are no dark linos. 

They examined the spectra of tho light from tho 
stars, and found that these spooti'a are crossed by dark 
lines resembling those in the solar spectrum, bub dif¬ 
ferently arranged. 

They tried the spectra of glowing vapours, and they 
obtained a perplexing result. Instead of a number of 
dark lines across a rainbow-tinted streak, they found 
bright lines of various colour. Some gasop would give 
a few such lines, others many, some only one or two. 

Then they tried the spectrum of the electric spark, 
and they found here also a series of bright lines, but 
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not always the same series. The spectrum varied 
according to the substances between which the spark 
was taken and the medium through which it passed. 

Lastly, they found that the light from an incan- 
c eseent solid or liquid, when shining through various 
vapours, no longer gives a spectrum without dark lines, 
but that the dark lines which then appear vary in 
position, according to the nature of the vapour through 
which the light has passed* 

Here were a number of strange ficts, seemingly 
too discordant and too perplexing to admit of being 
interpreted. Yet one discovery only was wanting to 
bring them all into unison. 

In 1839 Kirchlioff, while engaged in observing the 
solar spectrum, lighted on the discovery that a certain 
double dark lino, which had aheady been found to 
correspond exactly in position with the double bright 
line forming the speotriim of the glowing vapour of 
sodium, was intensified when the light of the sun was 
allowed to pass through that vapour. This at once 
suggested the idea that the presence of this dark line 
(or, rather, pair of dark lines) in the spectrum of the 
sun is duo to tho oxistonce of the vapour of sodium in 
tlio solar atmosphere, and that this vapour has the power 
of absorbing the same order of light-waves as it emits. 
It would of course follow from this that the other dark 
linos in tho solar speotrum are due to the presence of 
other absorbent vapours in its atmosphere, and that 
the identity of these would admit of being established 
in tho same way, supposing this general law to hold 
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liiutoiKi aprfnl ninn 

A |(luwin/f VH(MHir pivrn a hjii ^ fniiu nf i lii lif 
liur'H, rmnh vnpiinr ihr iiv\n hv\ mI lua , t n 

iVoin (luj npp(’imini'i4 nf k hn;»li( liijn fp., funn «‘H.t . .m 
loll IliO iiulnroof IIm* vapunr ur vJ?- r/ li >hf 

formn ihn api'oinnn. 

i\* An iiioinnlofiri’iif ialiil nr li»|iild idunnu* 
ubmirhonli viipnma pivoa n lainhn-.'b. thif-? >1 sun 

mmml hy duvk Ilno!?, Ww^ ihuh hw i^ huMu^iih,^ i.nnn 
pOMilion iu( (hn lni/(lit. Iinit}i lu lMiifiuitr iu Hi- tj r. . f 
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iliirk linoHin onoh u ji|h otniiM, .iin* * an (^dl m 
of fh(^ vapour or vapnina whioh anri.Miiul i}n« noovn 
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Tlin upiiHctilion of (,)»(» nmv iiHiMiod of roHcnroli to 
()lt^ hl iidy H()l»rKp(>c.l vuiu«ini(!lvly 1(>(1 to lumtnbor 

of iiutut inlcnnitiiijj; (1 imiovorioH. It wiifl found that 
tlu) huu’h iitiuoHpIiovo oontiuuH tlio 
vdjHiiirrt of iron, oaloinin, inajriKmintn, ohroininm, and 
olhor iiwdula, 'I'ho dark liitoa oon'OHjKUiding to tlioao 
••li-iuoula n|ijii‘ui' \iiii)iiHlakul)ly in tho aolav Hpcotvunn 

I lo-ii> lu'ixdJua* niolnla kuoIiuh oopporand ’/line—wliioh 

i’l om lo csiHfc in Um ann, though Homo of tlio corre- 
’■I'lnoliiif' dark limm hnvo not yot boon I'ocojfiiiHod. As 
yrt it Into not bnon prov<;d that gold, silver, inorcmy, 
tin, load, ni'Hiniio, antimony, or iduininiuin exist in the 
(,nn*™llu»igli wo ran by no inoaiiH oonoludo, nor in- 
ilonl is it at idl prolirddi!, that thoy are absent from 
bin an led 411100, 'I'lio »lark linoa belonging to hydrogen 
ar.' very wollninrked indinulin tho solar Hpeotruin, and, 
as wo alndl hoo prewnilly, the study (d‘ thoHO linos lias 
all<*ido4l most intorcHling inrorniation rospeeting tho 
pltyairal eniiHlIt ulion of the sun, 

Ntnv, Wo nitl.ieo at om-o how iinportanlly these 
inicai'eln^H inti) tlio huii'h struetiire hear upon tlm sub- 

inuy oi* tIniU llimn to apiioav In Iho Hpoctrunij 

Hi*'y nm riMnn or kiHti JmtiiiHlj op thoy may o ml I Juab 
flu hiH.'h Ihthl. oil to rouko upfi>r wimt ihny nt>Horh, in which cuho 

IhoMt will ii iiiiilii no tou'o oi! Miolr 

H, 'Dm iilmtrhi fipmk n hili^htOlno aimotnini, com* 

I.. of tlm ihilonKlnK to iho viijioiirH of LIioho HubHUtneoa 

wlih'li, tool of ihorto llnoiii'h which, Urn cllHohmp) lakes 
Itbiirn. i lo the jialmo of Iho/io va|ioma ami tif tho iIIh* 

llfl'i'lf, Iho i*'laf Ivo inUmNlly of tlm com[}onont imvin of tho 
wiU bo vat hihhh 

I. s»tilly, llio o|»|!oiirim(m of tho Hjcolrnm hiihmKing toaayolomont 

will to thotitiijiiiiiwtancea of j)roHamo uiul loim>oraluro 

HtitUir wttirli Uin oloiinint may uiiiU lljj^hb. 
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jeot of this treatise. It would be indeed interesting 
to consider the actual condition of the central orb oi 
the planetary scheme, to picture in imagination the 
metallic oceans which exist upon his surface, the con¬ 
tinual evaporation from those oceans, the formation of 
metallic clouds, and the downpour of metallic showers 
upon the surface of the sun. But apart from such 
considerations, and viewing Kirohhoff's discoveries 
simply in their relation to the subject of other worlds 
we have enough to occupy oui- attention. 


If it could have been shown that, in all proba¬ 
bility, the substance of the sun consists of materials 
wholly different from those which exist in this earth, 
the conclusion obviously to be drawn from such a 
discovery would be that the other planets also are 
differently constituted. We could not find any just 
reason for believing that in Jupiter or Mars tliero 
exist the elements with which we are acquainted, when 
we found that even the central orb of the. planetary 
system exhibits no such feature of resemblance to the 
earth. But now that we know quite certainly that the 
familiar elements iron, sodium, and calcium exist in 
the sun’s substance, while we are led to believe, with 
almost perfect assurance, that all the elements we are 
acquainted with also exist there, we see at once that 
m an probability the other planets are constituted 

L ™ The,, ,t b, .pcM 

diffmences. In one planet the proportionate distri¬ 
bution of the elements may differ, and even differ very 
mar cedly from that which prevails in some other planet. 
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But the general eonclusion remains, that the planets 
are formed of the elements which have so long been 
kno\Yn as terrestrial 5 for wo cannot recognise any 
reason for believing that our earth alone, of all the 
orbs which circle around the sun, resembles that great 
central orb in general constitution.^ 

Now, we have in this general law a means of passing 
beyond the bounds of the solar system, and forming no 
indistinct conceptions as to the existence and character 
of worlds circling around other suns. For it will be 
seon in the chapter on the stars that these orbs, like 
our sun, contain in their substance many of the so-called 
terrestrial elements, while it may not unsafely be as¬ 
sorted that all or nearly all those elements, and few 
or no elements unknown to us, exist in the substance 
of every single star that shines upon ns from the 
colestial concave# Hence we conclude that ai'ound 
those suns also there circle orbs constituted like them¬ 
selves, and therefore containing the elements with 
whioli wo are familiar. And the mind is immediately 
led to speculate on the uses which those elements are 
intended to Buhsorvo. If iron, for example, is present 
in some noble orb oircling around Sirius, we speoiilate 
not unreasonably respecting tlio existence on that orb 
—cither now, or in the past, or at some future time— 
of being cai)ablo of applying that metal to the useful 
purposes which man makes it subserve, The imagi- 

^ It \vlll bo «ooii| in tho olmptor on ’Motcors and Cornets/ that 
this conoliiHioii has a most Important hearing ou tho viows we am 
to form I’ospooting tho original formation of the planetary solicmo. 
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nation suggests immediately the existence of arts and 
sciences, trades and manufactures, on that clislunt 
world. We know how intimately the use of iron Iihm 
been associated with the progress of human civilisa¬ 
tion, and though we must ever remain in iguoriuna? 
of the actual condition of intelligent beings in otluT 
worlds, we are yet led, by the mere presence of an 
element which is so closely related to tlio waiitti 
of man, to believe, with a new confidence, that lor 
such beings those worlds must in truth have Ixm'ii 
fashioned. 

I would fain dwell longer on the thoughts suggusi rd 
by the researches of KirohhofiF. Gladly, too, would 1 
enter at length on an account of those interesting din* 
coveries which have been made in connection with 
recent total eclipses of the sun. The requironionia 
of space, however, and some doubt os to the dir(!(!t 
bearing of the last-named discoveries on the subject I 
have in hand, warn me to forbear. One point, how 
ever, remains, which is too intimately connected with 
my subject to be passed over. 

I refer to the sun’s corona. 

It has been proved that the solar prominences eon- 
sist of glowing vapours, hydrogen being their chief 
constituent. It has been found also, by comparing 
observations of the prominonce-speotra with elaborate 
researches into the peculiarities presented by the spec¬ 
trum of hydrogen at different pressures, that evon in 
the very neighbourhood of the solm- photosphere tlumo 
vapours probably exist at a pressm-e so moderate us to 
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indtcato t-hafc tlie limits of the sun’s vaporous envelope 
cannot lie very far (relatively) from the outer solar 
cloud-layer. 

Now the solar corona has been seen^ during total 
eclipses of the sun, to extend to a distance at least equal 
to the sun’s diameter from the eclipsed orb. So that, 
assuming tho corona to be a solar atmosphere, it would 
have a depth of about 860,000 miles, and being also 
drawn towards the sun by his enormous attractive 
energy (exceeding more than twenty-seven times that 
of tho earth), it could not fail to exert a pressure on 
Ins surface exceeding many thousand-fold that of our 
air upon tho earth. In fact, such an atmosphere, let its 
outermost layers be as rare as we can conceive, would 
yet have its lower layers absolutely liquefied, if not 
solidified, by the enormous pressure to which they would 
bo subjected. We cannot, then, believe this corona to 
bo a solar atmosphere. 

Yet it is quite impossible to dissociate the corona 
from the sun. Until 1872 some attempted to do this, 
and not only so, but to make of the zodiacal light a 
torrostrial jDhenomenon. But they had overlooked 
considorations which oppose themselves in’esistibly to 
such a oouoliision; and since the observation of the 
solar Golipso of December 1871, astronomers are of 
one accord in regarding the corona as appertaining to 
the sun. 

But the spectroscope has given certain very per¬ 
plexing evidence respecting the light of the corona, 
and it remains that we should endeavour to see how 
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that evidence bears on the interesting pi’oblem which 
the corona presents to our consideration. 

During the total eclipse of August 1869 the Ame¬ 
rican observers found that the spectrum of the corona 
is continuous, but crossed by certain bright lines. If 
we accept the absence of dark lines as established by 
the evidence (which is doubtful), this result seems at 
first sight very difficult to explain. Eeferring to the 
principles of spectroscopic analysis stated at pp. 38, 39, 
it will be seen that we should be led to infer that the 
corona consists of incandescent matter surrounded by 
certain glowing gases. It is difficult to suppose that 
this is the real explanation of the phenomenon. 

Now, remembering that we have two established 
facts for om- guidance-(i) the fact that the outer 
corona cannot be a solar atmosphere, and (ii) the fact 
that it must be a solar appendage—I think a way may 
be found towards a satisfactory explanation. 

Let it be premised that the bright lines of the 
coronal spectrum correspond in position, though not in 
brightness, to those seen in the spectrum of the aurora, 
and that the same lines are seen in the spectrum of the 
zodiacal light, and in that of the phosphorescent light 
occasionally seen over the heavens at night. 

Since we have every reason to believe that the light 
of the aurora is due to electrical discharges taking 
place in the upper regions of the air, we are invited to 
the behef that the coronal light may be due to similar 
discharges taking place between the pai-ticles (of what¬ 
ever nature) constituting the corona. 
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Now, though the appearance of an aurora is due to 
Bome special terrestrial action (however excited), yet 
the material substances between which the discharges 
take place must be assumed to be at all times present 
in the upper regions of air. In all probability, they 
are the particles of those meteors which the earth 
Is continually encountering. And since we know that 
meteor systems must be aggregated in far greater 
numbers near the sun than near the earth, wo may 
regard the coronal light as due to electrical discharges 
excited by the sun’s action, and taking place between 
the members of such systems* Besides this light, 
however, there must necessarily be a large proportion 
of light reflected from these meteoric bodies. In this 
way the peculiar character of the coronal spectrum 
may bo readily accounted for. We know from the 
auroral spectrum that the i)rinoipal bright lines due 
to the electrical discharges would bo precisely where 
wo see briglit lines in the coronal spectrum. But, 
besides those, there would bo fainter bright lines, corre¬ 
sponding to the various elements which exist in the 
meteoric masses. These elements, we know, are the 
same as those in the substance of the sun. Thus, 
the bright lines would correspond in position with the 
dark lines of the solar Bpectriim, Hence, as light 
reflected by the meteors would give the ordinary solar 
spectrum, there would result from the combination a 
continuous spectrum, on which the bright lines first 
mentioned would bo seen, as during the American 
eclipse. 
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pai'fcly for thia reason that I have here briefly considered 
the matter; but there is another and a most impqvtant 
relation in which these views must be regarded. 

We know that the sun is the sole source whence 
tight and heat are plentifully supplied to the worlds 
which circle around him. The question immediately 
suggests itself—Whence does the sun derive those 
amazing stores of force from whence he is continually 
supplying his dependent worlds? We know that 
were the sun a mass of burning matter, he would bo 
consumed in a few thousand years. We know that 
were he simply a heated body, radiating light and heat 
continually into space, he would in like manner have 

exhausted all his energies in a few thousand years_ 

a mere day in the history' of his system. Whence, 
then, comes the enormous siqiply of force which ho 
has afforded for millions on millions of years, and which 
he will doubtless continue to afford for at least as long n 
time as the worlds which circle around him have need of 
it—in other words, for countless ages yet tohome ? 

Now there are two ways in which the solar ener¬ 
gies might be mantained. The mere contraction of 
the solar substance, Helmholtz tells us, would sufflco 
to supply such enormous quantities of heat, that if the 
heat actually given out by the sun were due to thia 
cause alone, there would not, in many thousands of 
years, be any perceptible diminution of the sun’s 
diameter. Secondly, the continual downfall of me¬ 
teors upon the sun would cause an emission of heat. 
But though the sun’s increase of mass from this cause 
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may be quite certain that during a total solar eolipse 
the system would become visible. 

In the eclii^se of December 1871 striking evi¬ 
dence was obtained reBpeoting the corona. For Janssen 
was able to perceive the solar dark lines in the spec- 
tnim of the corona—proof unmistakable that a portion 
of tho coronal light is reflected sunlight, It had been 
a difficulty in tho meteoric theory that these solar 
lines had not been detected in tho faint continuous 
spectrum of tho corona, Tho meteoric theory, that is, 
the theory that a portion of tho coronal light is due to 
light-reflecting meteors round the sun, accorded with 
all the known phenomena of the corona except this 
single peculiarity, that (as was supposed) the spectrum 
showed no dark lines. Now that tho dark lines have 
been seen, all doubt seems finally removed. As 
Janssen said in the letter containing tho discovery, ^tlio 
atmosphevio theory is disposed of {tmncM(i)y and wo 
must recognise in the corona a circumsolar phenomenon 
containing effects of radiation, absorption, and reflection 
of light/ which it must bo tho business of future oolipso 
observers to analyse in detail. 

During the eclipse of July 1878 the corona was 
found to extend to at least seven or eight millions of 
miles from the body of the sun. 

It will bo seen, in tho chapter on ^ Meteors and 
Comets/ how important a bearing tho meteor theory 
of tho corona (that is, of a portion of its light) has 
upon tho history of tho solar system. It has boon 
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would not bo rendered perceptible in thousands of 
years, either by any change in his apparent size or by 
changes in the motions of his family of worlds, yet the 
supply of heat obtainable in this way can be but small 
compared with the sun’s emission of heat. This fol¬ 
lows from the limits between which Leven-ier has 
shown that the total mass of the meteors of our system 
must certainly lie.* 

It seems far from unlikely that both these processes 
ai’e in operation at the same time. Certainly the latter 
is, for wo know, from the motions of the meteoric 
bodies which reach the earth, that myriads of these 
bodies must continually fall upon the sun. If the 
corona and zodiacal light are really due to the existence 
of flights of meteoric systems circling around the sun, 
or to the existence in his neighbourhood of the peri¬ 
helia of many meteoric systems, then there must be a 
supply of light and heat from this source, though not 
nearly sufflcient to account for the solar emission. 

It is wortliy of notice, however, that the asso¬ 
ciation between meteors and comets has some 
bearing on this question. We know that the most 
remarkable oharaoteristio of comets is the enormous 

' Uncluo stress has been laid upon tha probable ohangs in the 
length of tlio year, owing to tho downfall of meteors upon the 
sun’s innsa. It is forgotten that the crowded meteors forming tho 
solar ooronn aro already within tho earth’s orbit, and thoroforo 
already produce thoir full olfoot on tho length of tho year, Tho 
Bubsldonoo of all thoso bodies at onco upon the sun would not 
alfoot tho length of tho year, thongh It would load to oeitaln modi- 
licnttons in tho scoulnr perturbations of tho earth’s orbit in iigars 
and position. 
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notio compass directs the traveller over desert wastes 
01 trackless oceans 5 m tlieir sides, the aurora displays 
its brilliant streamers | while, amid the constellations 
which deck their heavens, meteors sweep suddenly into 
view, and comets extend their vast length athwart the 
celestial vault. 
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CHAPTER III. 

THE INEERIOR PLANETS. 

In considering the habitability of various portions of 
the solar system, we have to draw a marked distinction 
between the planets which travel within the orbit of 
the earth and those which lie beyond its range. So 
far, indeed, as our belief in these orbs being inhabitiicl 
is concerned, we may apply the same processes of 
reasoning to one set of planets as to the other. Until 
it has been demonstrated that no form of life can exist 
upon a planet, the presumption must be that the planet 
is inhabited. But it is impossible to contemplate tho 
various members of our solar system without being led 
to consider their physical habitudes rather with relation 
to the wants of such creatures as exist upon our own 
earth, than merely with reference to the existence of 
life of some sort upon their surface. Viewing Vonuti 
and Mercury in this way, we have a different set of 
relations to deal with than we find among the outer 
planets. We are struck at once with the markijd 
effects which seem nssociable with their* comparntivo 
proximity to the sun’s orb. This feature and tho 
shortness of their period of revolution—that is, of their 
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ycnr —aro the charactoriatio peculiarities we have to 
deal with. 

I would willingly pay some attention hero to the 
atovy of Vulcan, tho planet which has heen supposed 
to circle yet more closely than Mercury around the 
c(intro of our system, wore it not that I regard the 
cxintonco of this i^lanet as utterly unlikely. 

Mercury circles around the sun in the brief period 
of eighty-eight days, or rather less than three of our 
months. Bo that, if the planet has seasons, these must 
bo severally about three weeks long. Hia distance 
from the sun varies between somewhat wide limits, 
owing to tho eccentricity of his orbit. When he is 
nearest to tho sun, he receives ten and a half times 
more light and heat from that luminary than we do; 
but when ho roinoves to his greatest distance, the light 
and heat ho rocuives are reduced by more than one- 
half. Even then, however, the sun blazes in the skies 
of Mercury with a cliso four and a half times larger 
than tluit which ho i)re8entB to the observer on earth, 

Undoubtedly tliose pecxaliaribies, the shortness of 
the Moroxuhil year, and the immense amount of light 
and heat poured by tlie sun upon the planet, are oir- 
eumstances which do not encourage, at iirst sight, the 
belief that any creatures can subsist upon this iilanet 
roHombling thoso with which we arc familiar. We see 
at once that all forms of vegetation in Mercury must 
differ in a very striking manner from those which exist 
upon tho earth, because their structure has to be 
adapted to much more rapid changes of temper at are* 
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And the existence of a totally distinct flora Bugg(!HiH 
at once the belief that animal life on Mercury must be- 
very different from what wo see around ns. 

Let us, however, proceed a few stops farther. 

It has been found that Mercury rotates upon his 
axis, and if we may put faith in the observations of 
Schroter, the Mercurial day is only a few inimi(cn 
longer than, our own. But though the fact of tlm 
planet’s rotation has been observed, it has not been 
found possible to determine in what position the axis 
of rotation lies. It has been said that the planers 
equator is much more inclined than the earth’s to tluj 
plane in which the planet travels 5 but little rolimitm 
can be placed on the evidence which has boon addiusul 
in favour of this view. 

Wo are thus left altogether in doubt ns to I In* 
nature of the Mercurial seasons. 'I'hat the planet has 
seasons of some sort we are certain, because oven if 
the axis were so placed that perpetual spring reigned 
upon the planet—I mean, that the days and niglds 
were at all times and in nil places equal—^yet his 
varying distance from the sun Avonld give ohnngoH of 
temperature quite ns marked as those which olinriu!- 
teriso our seasons in England, and very muoli inoio 
marked than those known in tropical regions. Of 
course, if this is the actual arrangement, there are dif¬ 
ferent climates in diflerenb parts of the planet. Near 
his poles the sun, though visible for half the Morctnrinl 
day, attains yet but n low elevation above the horixtin 5 
just as he does on a spring day within onr own jKiliir 
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oirclefi. At the equator the sun passes day after day 
to the zonil.li, and pours down upon the planet an 
amount of light and heat far exceeding the light and 
heat of our tropical olioiates, A sun immediately 
overhead, and showing a diameter varying from more 
than twice to more than three times that of our sun, 
must bo a noble and may be a terrible phenomena in 
the skies of Mercury. 

'Chevo is yot another arrangement by which, to a 
portion of the planet, at any rate, the Mercurial seasons 
might bo tempered. If his axis is so placed that what 
would be the winter season were his orbit not eccentrio 
takes place, for one hemisphere, when the planet is 
nearest to the sun, then undoubtedly it may very well 
happen (the inclination of his axis being suitably ad¬ 
justed) that this so-called winter season is the warmest 
part of the year for that hemisphere. In this case 
there would bo tho least possible violence in the suc¬ 
cession of tho Mercurial seasons for that hemisphere. 
Hut in the other hemisphere the seasonal changes 
would he correspondingly intensified, 

In either of those oases, it is readily conoeivablo 
that oven forms of life resembling those wo ni-e ac¬ 
quainted with on oarth might exist on Mercury, and 
tills without any special provision for tempering tho 
great heat and light of the sun, Those regions which 
correspond to our temperate and trojiical zones would 
indeed scarcoly bo habitahle \ but the polar regions of 
tho planet would not form a disagreeable abode. 

If, however, tho equator of the planet is very much 



5 ^ OTJUili irOIlLDS THAN OU.ItS. 

iiioliued to the piano in whioli Moroxiry i 
cannot bo cloubtod that no fortti of life ki 
earth can possibly exist upon Mcrcmy, wit 
special arningeinents for tempering tlio 
changes. This will appear when wo conn 
with the effcjob of tho great inclination w 
astronomers have ascribed to tho ecpiiitov ( 
and therefore we need not consider tho roll 
regard to Mercury, respecting whos(! axial ii 
no trustworthy information has hitherto boon 

It remains for us to consider what sort of 
may have been made to temper tho great ho 
by tlie snn upon Mercury. 

Ihc climate of a planet, considered gen 
largely influenced by the nature of tho plum 
sphere. Wo have very clear ovidenue on tl 
in the eflfects wliich wo notice on our own e 
we ascend to tho summit of a lofty mountain 
the air muclr colder than at its base. In Indii 
tho full heat of a tropical sun is poured day , 
upon the snowy surnmits of tho Himalayas, 
air continues colder than in tho bitterest :r 
weather oxporiencod by us in England. Not 
solar rays have no power. Tho heat is, in 
even greater than on the plains, because it 
been intercepted by vapour-laden air. But 
itself is not heated. OAving to its extreme vii 
dryness, it neither impedes tho passage of t 
heat to tho earth, nor prevents tho return of t 
from the earth by radiation or reJleotion} a 
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very fact, that it does not impede the passage of heat, 
means nothing else than that the air does not become 
heated.' 

Wo have, then, so far as a luvo atmosphere is con¬ 
cerned, two points to dwell upon—the readiness with 
which such an atmosphere permits the sun’s heat to 
reach the surface of a planet, and the readiness with 
which it permits the planet’s heat to pass away into 
space. Now we might feel doubtful which of these 
two effects was chiefly to be regarded, were it not that 
on our own earth we have experience of the effects of 
a very rare atmos 2 )here. We know that the climate 
of very elevated regions is relatively much cooler than 
that of places on the plain. Thus we learn that the 
direct heating powera of the sun are not so much to be 
considered, in judging of the climate of any region, as 
the quality of the atmosphere. 

Yet we must not deceive ourselves by inferring 
that mere rarity of atmosphere can compensate fully 
for an increased intensity of solar heat. It is not 

‘ The following passage, quoted by Prof. Tyndall from Hooker’s 
‘Himalayan Journals,' lllnsfci'atos tlio pcouliaiities referred to 
ftiDOVo: ' At 10,000 foot, in Dccombor, at 0 I saw tho moroury 
mount to 102 °, whilo tho tomporatiiro of shaded snow hardly was 
22 °, At 18,100 foot, in January, at 9 it has stood at 98°, 
^vith a dift’oroiicQ of 08-2° and at 10 a,m„ at 111° with a dilteronca 
of 81*4°, whilst tho radiating thormomotor on tho snow had 
fallen at sunrise to 0*7°,’ Such observations ns these are well 
worth stuclylng. It is intorosting tg consider that at tho summit 
of tho highest peaks of tho Himalayas tho mid-clay heat due to 
tho sun must sometimes bo near if not above tho boiling point 
corresponding to those places, since water would boll on Mount 
Bvoroat at a tomporatiiro of little more than ICO®. 
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true that the climate of a place on the slopes of tUo 
Andes or the Himalayas corresponds to that of u 
region on the plain which has an atmosphere equally 
warm. The circumstances are, in fact, wholly dil- 
ferent. On the idain there is, it is true, the saino 
amount of heat in the case supposed; but the air 
is denser and more moisture-laden: the nights nrrt 
warmer because the skies are loss clear and the hoab 
escaping from the earth is intercepted by clouds or by 
the transparent aqueous vapour in the air ; and, lastly, 
there is not so great a contrast between the warmth of 
the air and the direct heat of the solar rays. 

If the atmosphere of Mercury, therefore, be exooH- 
sively rare, as some have supposed, so as to afford an 
Alpine or Himalayan climate in comparison with th«» 
tremendous heat we should otherwise ascribe to th(i 
climate of the planet, there would by no moans reHult 
a state of things resembling that with which wo av(^ 
familiar on earth. Wo must not, in our anxioliy to 
people Mercury With creatures such as wo know of, 
blind ourselves to the difliculties which have to lut 
encountered. We cannot thin the Mercurial iiir, 
without adding to the direct cfTocts of tho sun upon, 
the Mercurial inhabitants. Whothor in this way wo 
increase the habitability of the planet may bo doubted, 
when we consider that the direct action of tho Hun*H 
rays upon tho tropical regions of Meroury, thus de¬ 
prived of atmospheric protection, would produce a hoitt 
four or five times greater than that of boiling watev* 
It will hardly be thought that tho intonse cold in tlio 



6 o OTHER WORLDS THAN OURS, 

increase of moisture in the air tends to an increaso 
of warmth; because the aqueous vapour exeroises a 
greater effect in preventing the escape of heat from 
the earth than in guarding the earth hom the solar 
rays. And, as I have said, the only dirmtio effect 
we can associate with the frequent presence of largo 
quantities of aqueous vapour in the air, or theroforo 
with an ordinarily clouded state of the sky, is that of 
a general increase of heat. But, just as we know that 
a cloudy day is not necessarily nor even commonly a 
warm day, it may well be that an atmosphere so don so 
as to be at all times cloud-laden serves as a protection 
from the sun’s intense heat. So that, instead of assign¬ 
ing dense atmospheres exclusively to the more distaub 
planets, as some astronomers have done, we might lu> 
led to see in an envelope of great density the means of 
defending the inhabitants of Mercury and Venus from 
the otherwise unendurable rays of their near neigli- 
bour the sun. 

Although Mercury is not a planet which can lio 
satisfactorily examined with the telescope, yet, so fur 
as can be judged from his aspect, his atmosphere is in 
reality much denser than our earth’s, and loaded wilH 
cloud-masses of enormous extent. Still the evidence ou 
these points is far from satisfactory; and there is ono 
peculiarity of the planet which does not accord witli 
this view of the constitution of his atmosphere. Un¬ 
doubtedly, if the light we receive from Mercury caitn J 
from a cloudy envelope, at would be more brilliant than 
the light we should receive from the surface of ct>n— 
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shade, or during the Mercurial night, would cora- 
peufiate foi- 80 terrible a heat. In fact, this view of 
the Mercurial climate would lead ua to find a close 
resemblance between the inhabitants of the planet and 
the unfortunates described by Dante as doomed 

A sofforir tormeuti o oaldi e gioli* 

It would seem hard to believe in the existence of any 
organised foims under such conditions, unless perha^is 
Buoh ‘ microscopic creatures, with siliceous coverings,’ 
na Whewell proposed to people Venus with. 

However, wo have yet to consider whether an 
atmosphere of a different sort might not be better 
suited to the requirements of Mercury. We have 
seen the oReots of a rare atmosphere } let us inquire 
into those which might be ascribed to a dense one. 

, The ordinary effect of a dense atmosphere we know 
to be an increase of heat, which is certainly not what 
wo require in the case of Mercury. Nor are we 
familiar with any region upon our earth in which a 
dense atmosphere produces a contrary ciwnfdm effect j 
so that wo have no analogy to support us in the belief 
that possibly a dense atmosphere might, under par¬ 
ticular oiroumstances, serve to guard a planet from 
the solar rays. It seems possible, however, that an 
atmosphero might he so constituted as to remain 
almost constantly loaded with heavy cloud-masses. In 
this case it by no means follows that such effects would 
follow as we ordinarily associate with a moisture- 
ladon atmosphere. Up to a certain point, doubtless, the 
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tinents and oceans, In fact, the most brilliant light 
we could receive from a globe of a given size, placed 
at a given distance from the sun, would be that which 
would be reflected were such a globe covered with 
clouds. Now there can be no doubt whatever that 
Mercury does not reflect the same proportion of light 
from his surface that some of the planets do. He 
would bo, when favourably situated, the brightest of all 
the planets, were this so though, seen as he always 
is, on the bright background of a full twilight sky, 
he would not make so striking an appearance as 
Jupiter does when in opposition. This, however, is 
not the case. I remember being much struck by the 
superior light of Jupiter, on the afternoon of February 
23 , 1868 , when the two planets were very close to¬ 
gether, Moroiiry being nearly at his brightest, whereas 
Jupiter, then near conjunction, was considerably less 

* riaolng Moroury In porihoHou nnd at his elongation, we got a 
lialP cllfio, the planet about 00,000,000 miles from us, and about 
00,000,000 from the sun, his diameter about 8,000 miles. Now, if 
wo wish to oomparo tlio light ho then sends us with that of Jupiter 
at his brightest, on the assumption of equal reflective powers, we 
must take Jupiter at a distance of about 860,000,000 miles from us, 
nnd about 460,000,000 miles from the sun, showing a full diso, his 
dinmotor about 00,000 milos (I pub all tbo numbers rom<Zt for con* 
vonionco of oalmilatlon). Wo And, then, that the ratio of Morcury^s 
light to Jupiter’s Is 

1 (8,000V (90,000V 

"a (00,000,000V X (80,000,000)* : (000,000,000vx(460,000,000v 
or, 4 (4)* (16V i M exactly 2 to 1, 

Tho observation above cited is sufiiolont to prove that a very dif¬ 
ferent stato of things actually prevails; in other words, that tho 
rollcotivo powers of tho two planets are very different i unless, in¬ 
deed, Jupiter shines in part by inherent light. 
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bright than when in opposition. Venus was oloso by* 
and outshone both Mercury and Jupiter. 

It seems difficult, therefore, to believe that the light 
of Mercury comes from a cloudy envelope. But there 
is still one supposition which may restore our belief 
in the habitability of the planet by creatures not very 
different from those which inhabit our earth. If it IniB 
a double cloud envelope, the upper like our cirruH 
clouds, less compact than the lower, and permitting a 
portion of the sunlight to pass through, it is possiblo 
that the lower oloud-layor would be seen partly in 
shadow. I must admit that the explanation is not 
quite satisfactory, because, just as much light as tho 
outer clouds intercepted they would reflect; still, it is 
conceivable that the usual arrangement of those cloudB 
may be such that to us, who do not look at tho planofc 
in the direction in which the sun’s rays fall, but some¬ 
what aslant, the shadows of the upper clouds upon tho 
dense and compact lower envelope may be rendered in 
large part visible. 

After all, the reader may prefer the view whioU 
recognises in the polar regions of Mercury places 
suitable for organic existences, while the equatorial 
and neighbouring regions are zones of fii’e, whoflts 
dangers the bravest Mercurials, tho very Livingsbones 
upon that planet, would not dare to face. We mny 
picture to ourselves, on this view, tho various eon 
trivances by which the inhabitants of the two politt 
(that is, in reality, temperate) circles manage to com¬ 
municate. There may be regions where favouring 
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ciroumstances narrow the uninhabitable zone so much 
that the inhabitants of one polar circle may travel to 
the other (or, at leasts cross the most dangerous portion 
of the hot zone) in the course of the Mercurial night. 
Or perhaps tunnels may be run, or sheltered cuttings 
madC) along which, the voyage may he made in com¬ 
parative safety. Ocean communications there can he 
none, if the Mercurial sides are clear, since the sun’s 
heat on the tropical zone would suflSce to boil away 
any water which might find its way there. 

Certainly, the smallness of the planet and the dimin¬ 
ished effects of gravity upon its surface, would tend to 
make communication much easier, and the construction 
of protective tunnels or cuttings a comparatively light 
task. What the exact force of gravity at the surface 
ul Mercury may be we do not know, because our 
means of determining the mass of the planet are nob so 
satisfactory as in the case of the other primary members 
of the solar system. If Meromy had a satellite, we 
could tell his weight at once. If he were as large as 
Venus, we could tell his weight by observing his effect 
in disturbing the motions of that planet. As it is, the 
only means we have of weighing Mercury is the obser¬ 
vation of his effect in disturbing any comet which may 
pass near him. In this way the planet has been weighed, 
but the balance thus employed is not a satisfactory one 
altogether, because we are not quite certain how much 
of the disturbance of a comet when near Mercury is 
due to the planet’s attraction. Formerly it was sup¬ 
posed that the mean density of Mercury is equal to 
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that of lead; but from the perturbations of Enoke’s 
comet in Mercury’s neighbourhood, astronomers have 
been led to the conclusion that the density of the 
planet is not more than one-sixth greater than our 
earth’s. It follows that as his diameter is little more 
than 3,000 miles, our earth is about fifteen times as 
heavy as Mercury. Gravity at his surface is such 
that a pound weight of ours would weigh rather less 
than seven ounces of Mereitry. Hence the creatures 
which seem to us most unwieldy—the elephant, the 
hippopotamus, and the rhinoceros, or even those vast 
monsters, the mammoth, the mastodon, and the inoga- 
therium, which bore sway over our globe in far-off eras 

_might emulate on Mercury the agility of the antelope 

or the greyhound. 

There can be no doubt that where gravity acts so 
feebly, all engineering operations would be rendered 
very much simpler—bridges could have a wider span, 
and yet be stronger than our terrestrial ones, buildings 
could be loftier and yet be raised more easily, and 
transit of all sorts would be effected much more readily, 
while at the same time the distances to be traversed aro 
very much less than on oiir earth, since the surfiico of 
Mercury is little more than one-seventh of the earth’s, 

The peculiarities which characterise Venus aro for 
the most part similar in kind to those we have had to 
consider in the case of Mercury. But at the outset of 
our inquiries into the physical habitudes of this most 
beautiful planet, we must point to the striking re¬ 
semblance which it hears, in some respects, to our own 
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earth. So far, indeed, as telescopic and physical re- 
geaxolies have yet led us, the planet Mars, as we shall 
presently see, appears to exhibit habitudes more closely 
corresponding to those we are apt to consider essential 
to the wants of living creatures. But in size, in situa¬ 
tion, and in density, in the length of her seasons and 
of her rotation, in the figure of her orbit, and in the 
amount of light and heat she receives from the sun, 
Venus bears a more striking resemblance to the earth 
than any orb within the solar system. In fact, there 
is no other pair of planets between which so many 
analogies can be traced as between Venus and the 
earth. Uranus and Neptune are similar in many re¬ 
spects, but they differ in at least as many, Jupiter 
and Saturn are, in a sense, the brother giants of the 
solar scheme, while the dwarf orbs Mai’s and Merciuy 
present many striking points of similarity i but between 
neither of these pairs can we trace so many features 
of resemblance as those which characterise the twin 
planets Venus and Terra, while the features of dis¬ 
similarity in either pair are perhaps even more obvious 
than the points of resemblance. Had Venus but a 
moon as the earth has, wo might doubt whether, in the 
whole universe, two orbs exist which are so strikingly 
similar to each other. 

And here we may pause for a moment to consider 
one of the most perplexing enigmas that has ever been 
presented to astronomers. Are wo indeed certain that 
Venus has no moon? The question seems a strange 
one, when it is remembered that year after year Venus 

If 
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has been examined by the most eminent modern ob¬ 
servers, armed with telescopes of the most exquisite 
defining power, without any truce of a companion orli 
being noticed. Nor indeed can any reasonable douhi H 
be entertained respecting the moonless condition of 
Venus by those who appreciate the character (tf 
modern telescopic observations. And yet, if I had 
begun this paragraph by stating the evidence in favour 
of the existence of a satellite, I believe that nearly 
every reader would have come to the conclusion tlial. 
most certainly the Planet of Love has nu attendanl. 
orb. They are not amateur observers only who Imvo 
seen a moon attending on Venus, but such nstvonomors 
as Cassini and Short, the latter with two different teh'- 
scopes and four different eyc-piecos. Four times, be¬ 
tween May 3 and 11, 1701, Montaigne saw a body 
near Venus wliioli presented a plmso similar to that of 
the planet, precisely as a sutollito would have done. 
From these observations M. Baudouin deduced for (ho 
new star a diameter of about 2,000 miles, and a distaiua' 
from Venus nearly equal to that which separates ( lie 
moon from the earth. In March 1704, again, Riidlder 
saw the enigmatical companion; Horrebow saw it a 
few days later j and Montbaron saw it in varying jjOHi- 
tions on March 16, 28, and 20. Lastly, Sohouten, win* 
witnessed the transit of Venus in 1761, declares thal 
he saw a satellite accompany Venus across the face e>r 
the sun. So that Ave cannot bo greatly surprised tlmt 
some are still disposed to believe in the existence of n 
satellite of Venus. 
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Thon^ Ih liMln mMmHioii todwoH upon V<‘iiiim*« mornw 
I08H (jondUiinin hoi'imnn thn inferior plimoln iiro inxwU 
li!H 8 hy iho Avimf* of a moon Umn a wnpiTior 

pliinofi would bn. Th(^ lU'i’vioo noHlt'Ujd by onr own moon, 
asu lumiimvy nf ilin in‘ghf,, in Ilux Inaal, inqmrlanl; wea k 
hIh^ (l(a*H in onv linlirilb It in wh ibo obinr rn/{n 1 alor of 
lln^ liibu! tliuf, llu^ moon liolVioialH nw iuohI. unoiully* 
Ntnv V<?nua liaa no ui*od of Iniair tMoa. Aamnnin^f 
tlial> hIu! hwH oonaiiH auoh aa llioiai vvhi<jb oxinl/ npon (ho 
i‘arlb, lior Holar Iddon rnunk bi) about two aud a Iiulf 
tinnaj an high uh Iho notar tidim miml in our own 
Oijianirti Now, Hirua^ oiar lunar tidal wavo is nhoul. two 
and a ladf tunos m bigli us tlio aolur oint, \v(^ hav(^ lidra 
ranging b(;twoou Urn higboHt apring lidcrs, wlii(d\ avo 
tbroo and u Indf timos an high as tlm solar lido lUuins 
and tho hnvosi: noup thins, whioli aro only <ino anil a 
half tiimni ns high an Iho solar wavo. Voiiua has (Jon- 
H(:unl tiiloH, lluu*(>foro, oomispoialiiig vary oloiady io I ho 
moan tidos (Oi our own oarth 5 and Ihoroforo imu (hotly 
wall adiijitod to suhsorvii nil lln^ purposiiH whbdi onr 
tidos r(?nd(n' ns, only with loss vurioly in iholr rnodn of 
opioullon. Moronry also Ims HulUidantly high solar 
tidos, suppOHing ho has oxtmisivo oooans (widnh jisiy 
ivuNonalily bo unoHl Ionod), ntnon tlm HinallnoHH of Ids 
dinioimionrt (tending of oonrsn to diminish Ibo difVoronon 
ofaollon, on wbioh tho amds tidal in(bmnoodnpoii(la)ia 
fully oomponsalotl by Ids groat proximity Io Mail orb. 

Voims lias a yoarof aiidday« 17 hours, vory noarly, 
nnd her diHtanoofrom tbosim, wldob varloHlitilo<lurjng 
tho oonrso of a ytmr, is mnnrwliut h?ss tliim UiriJO-fourtliH 
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of that whicli separates the sun from us. Her day ib 
about thirty-five minutes shorter than ours, and her 
globe somewhat smallei* than the earth s. 

It is clear that, merely in the greater proximity of 
Venus to the sun, there is little to render at least a 
large proportion of her surface uninhabitable by such 
beings as exist upon our eai’th. The sun, as seen iii 
her skies, has a diameter one-third larger than he pre¬ 
sents to us; and his apparent surface dimensions, on 
which of course his heating and illuminating powers 
depend, are greater in the proportion of about sixteen 
to nine. This undoubtedly would render his heat 
almost unbearable in the equatorial regions of Venus, 
but in her temperate and sub-arctio regions a climate 
which we should find well suited to our requirements 
might very well exist; while her polar regions might 
correspond to our temperate zones, and be the abode of 
the most active and enterprising races existing upon 
her surface. 

Here, however, we have been supposing that Venus 
has seasons resembling our own in character—in other 
words, that her axis of rotation is inclined at about the 
same angle to the plane in which she travels. Obser¬ 
vations have been made, according to which a very 
different state of things would appear to prevail. It 
has been said, on the authority of observers of some 
eminence, that her axis is inclined only 16^ to the plane 
of her orbit.‘ If this is really the case, a number of 

* If tlio obsorvationa of Do Vico may bo trusted, tlio inclination 
of Venus, though lesa than 76°, is still ao oonsidorablo (about 
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regions* For, near our poles, tke sun approaches the 
horizon at the hour corresponding to noon ; and though 
ho does not show his face, ho yet lights up the southern 
shios with a cheering twilight glow* But during tho 
greater part of the long night of Venus’s polar regions, 
the Bun does not approach within many degrees of tho 
horizon. Nay, he is farther below the horizon than tho 
midnight winter sun of our arctic regions* Thus, un¬ 
less the sides are lit up with auroral sploiidours, an in¬ 
tense darkness prevails during the polar winter which 
must add largely to the horrors of that terrible season* 
Certainly, none of the human races upon our earth 
could bear the altorniitions between these more than 
polar terrors and an intensity of summer heat far ex¬ 
ceeding any with which wo are familiar on earth* 

Let ufl see whether the equatorial regions are more 
pleasing abodes. 

In thoflo parts of Venus there are two summers, 
corresponding to tho spring and autumn of the polar 
regions. At these seasons the sun rises day after day 
to the point overhead, and tho weather corresponds for 
awhile to that which prevails in idle tropical regions of 
our own earth. But between these seasons the sun 
passes away iilternatoly to the iiortliern and soutliern 
skies* During the season corresponding to summer 
he is above tho horizon nearly throughout tho 23 
howYB of Venus’B day j ^ but he attains no great elova- 

‘ On Uio equator itaolf, oa on our own, tho day is always equal 
Ux length to tlio nlglit. Tho above aoooimt correspondB to a plnoo 
near tho bonlevH of tho eqaatoiial zone. 
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Singular and somewhat complicated relations are pre- 
Bented, the result of which it may be interesting to 
exhibit to the reader. 

In the first place, the arctic regions of Venus ex¬ 
tend within fifteen degrees of her equator (if the axis 
is really bowed as supposed), while the tropics extend 
within fifteen degrees of her poles—so that two zones, 
larger by far than the temperate zones of our earth, 
belong both to her arctic and to her tropical regions. 
It is difficult to say whether her equatorial, her polar, 
or her arctico-tropical regions would be, to our ideas, 
the least pleasing portion of her globe. 

An inhabitant of the regions near either pole has to 
endure extremes of heat and cold such as would suffice 
to destroy nearly every race of living beings subsisting 
upon the earth. During the summer the sun circles 
continually close to the point overhead, so that, day 
after day, ho pours down his rays with an intensity of 
heat and of light exceeding nearly twofold the mid-day 
light and heat of our own tropical sun. Only for a 
short time, in autumn and in spring, does the sun rise 
and set in these regions. A spring or autumn day, 
like one of our days at those seasons, lasts about twelve 
hours j but the sun attains at noon, in spring or autumn, 
a height of only a few degrees above the horizon. Then 
presently comes on the terrible winter, lasting about 
three of our months, but far more striking in its cha¬ 
racteristics oven than the long winter night of our polar 


ns to justify tlio gonorol oo&olnsions deduced in the following psTa- 
grophs. 
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lion, travelling always in a Bmall circle close around . 
the northern polOi During the season corresponding 
to ^YiTltor he is above the horizon only a very short 
time each day, and is always close to the south, attain¬ 
ing oi^ly C-n elevation of a few degrees at noon. Thus 
wo have the following curious succession of seasons; 
at the vernal equinox a summer much warmer than 
onv tropical summers 5 about 56 days later, or at the 
Hummor solstice, weather resembling somewhat the 
spring of our temperate zones, only that the night is 
exceedingly short; yet 56 days later there is another 
summer, ns terrible as the former; and lastly, at the 
winter solstice, the days are shorter and the cold pro¬ 
bably more intense than in the winter of places near 
onr Arctic Circles, In such regions the contrasts, 
rather than either of the extremes of climate, would be 
most trying to terrestrial races; and it is scarcely too 
much to say that no races subsisting upon our earth 
tiould possibly endure such i^emai'kable changes, suc¬ 
ceeding each other so rapidly. 

Lastly, the beings who inhabit the wide zones 
which are at once tropical and ai’ctxc have climates 
ranging between the two limits just considered. If 
they nro near tlie equatorial regions they suffer from 
all the vicissitudes of the equatorial climate, with this 
furtiier tribulation, that in. midwinter they do not see 
the sun oven at mid-day—a circumstance by no means 
compensated (according to our ideas) by the fact that 
near the summer solstice the sun does not set. If they 
arc near the polar regions, they have a summer even 
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more terrible than the polar summer, and a winter 
scarcely less dreary and bitter. 

Fortunately for our belief in the habitability of 
Venus, astronomers are far from accepting with con¬ 
fidence the assertions of those observers who have as¬ 
signed to Venus an inclination so remarkable. If her 
inclination at all resembles the earth’s, there is every 
reason to believe that her physical habitudes also re¬ 
semble those of the earth. In this case, the argument 
from analogy, presented in the opening chapter of this 
work, seems to force upon us the conclusion that she is 
inhabited; while we may believe, though perhaps with 
less confidence, that a close resemblance subsists be¬ 
tween the creatures which people her surface and those 
with which we are acquainted. 

We have no direct evidence, indeed, on which to 
ground our belief that the great proximity of Venus 
to the sun may not be accomjranied by any very 
remarkable peculiarities in the characteristics of her 
climate. But we have an indirect argument of some 
strength. If Venus is much nearer than the earth 
to the sun, the earth, in turn, is much neai'er to the 
sun than Mars is. Yet, as we shall see in the next 
chapter, we have clear evidence from telescopic obser¬ 
vation, and still dearer evidence in the results of spec¬ 
troscopic research, that the climatic arrangements on 
Mars do not differ in any remarkable degree from those 
of our own earth. It would follow, therefore, ns at 
least probable, that a similar resemblance prevails be¬ 
tween the climate of the earth and that of Venus. So 
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that, despite the claim which Dr. Whewell has put in 
for microscopic animalcules with siliceous coverings as 
the sole inhabitants of Venus, I can find no reason (if 
the abnormal axial inclination above considered is once 
disproved) for denying that she may be the abode of 
creatures as fax advanced in the scale of creation as 
any which exist upon the earth. 

Gravity at the surface of Venus is so nearly equal 
to terrestrial gravity that the difference is altogether 
insufficient to introduce any noteworthy effects, 

Venus is the only planet the extent of whose atmo¬ 
sphere has been carefully estimated. If Venus had no 
atmosphere, she woiild present, when horned, a semi¬ 
circular convexity; whereas the refractive effects of au 
atmosphere, by causing the sun to illumine rather 
more than a full hemisphere, would tend to lengthen 
her horns. It has been found that her convexity when 
she is horned exceeds a semioirole, and from the 
observed extent of this excess, it baa been calculated 
that her atmosphere is so far more extensive than ours 
as to make its refractive effects on a body near the 
horizon about one-third greater. So that, this being 
about the proportion in which the diameter of the sun 
as seen from Venus exceeds that which he presents to 
us, the inhabitant of Venus, like the inhabitant of our 
earth, sees the sun fully raised above the horizon at the 
moment when, but for reflection, his orb would be just 
concealed beneath it. 

Of the constitution of the atmosphere of Venus we 
know little. The spectrum of her light shows the 
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dark lines wliioh liolong to tho solar H|)(jutruin, and tli» 
Padre Socclii lias noticed oortain faint linos, wliiolt 
seem to indicate the presonco of niiueons vapour in 
the atmosjiliere of tho planet. Hut ho scarcely given 
satisfactory evidcnco that tho linos ho huB tlms Bomi 
were not duo to tho absoriition oxoroiscd byaijutidUH 
vapour in our own atmosphoro, Tho same oliHurvor 
finds, in the strongtliciiing of tho nitrogen linoH uoiir 
the F lino of tho speutruin, ovidonco that tho titinu- 
sphoro of Venus is constituted vory similarly to 
air we breatlio. 

On the wholo, tho ovidonco wo have points very 
strongly to Venus as the nbodo of living oroaturoH not 
unlike tho inhabitants of earth. With tho solo oxonji- 
tion of the inclination, which has boon, without suHitiioii t, 
evidence, assigned to tho plnnot’s cipuitor, I can sots 
nothing which can reasonably bo held to point, to 
an opposite conclusion. Tho strong light whioli tJio 
sun pours upon Venus need least of all bo obj<i<it<!il 
to, since, if there is one ndaptativo power which Nat.uru 
exhibits more clearly than another, it is that by whitih 
the various oreaturos wo are nequaintod with are oimbhul 
to live in comfort under all degrees of light, from tlu» 
obscurity in which tho molo pursuos his subtorrmuNin 
rosearohoa, to tlio binding light of the noonday Him 
towards which (in fable, if not in fact) tho eagle tiiviiH 
his unshrinking eyes. 

There is one peculiarity which yet remains to b« 
noticed. Many are disposed to find, in tho beauty of 
tho celestial objects which dock tho skies of didbront 
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planeb u oortain proof that reasoning beings must 
exist who can appreciate the display. Surely the 
argument has very little force, since we know that 
myriads on myriads of ages must have passed, during 
which the glories of oui- own heavens were displayed, 
mg it after niglit, with none to regai'd them. The 
moon has passed through all her phases, the star of 
morning and of ove has shed its soft radiance upon the 

terrestrial landscape, Juiiiter and Saturn have pursued 

thoir stately courses among the fixed stars, and the 
glories of those constellations which shine with equal 
splendour upon all the planets of the solar scheme 
have been displayed in all their unchanging magnifi- 
cinico, while as yet our earth was the abode but of 
hkleous reptiles, or of yet more monstrous creatures in 
forest and in plain. 

If this argument were really of force, doubtless 
there are no planets in the whole range of the solar 
system to which it might not be applied. Each has 
Horao special object of beauty in its heavens, which is 
not exhibited to the rest. Certainly Mercuiy and 
Voiins are no exceptions to this rule. The inhabitant 
of Morchry sees in Venus an orb which, when favour¬ 
ably situated, far outshines in splendour the brightest 
of the planetary orbs seen in our skies. So fai', indeed, 
ns light-giving power is concerned, Venus must be no 
contemptible moon to the Mercurials when she is neaiiy 
m opposition. Our earth, too, with its companion 
moon, must form a noble object in the sky of Mercury, 
though, without tolescoiiio aid, the moon perhaps may 
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aot be separately visible. To the inhabitants of Venus, 
Mercury and the earth must be splendid objects. The 
former would not only appear much larger than to 
ourselves, but being seen almost as favourably as wo 
see Venus, would form a much more striking object in 
the morning or evening skies of that planet. The earth, 
as seen by the inhabitants of Venus, must shine much 
more splendidly than Jupiter does in our skies. Our 
moon must be distinctly visible, so that, without the 
aid of any telescope, the inhabitant of Venus has suoh 
evidence of the Copernican theory as would sufBoe, if 
properly handled, to rout the ranks of the Ptolemaists, 
supposing there have ever been people in Venus who 
imagined the tiny globe they live upon to be the 
centre of the universe. 
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CHAPTER IV. 

MARS, THE miniature OF OUR EARTH. 

It ia aingulav tliafc, among all the orbs which circle 
around the sun, one only, and that almost the least of 
tho primary planets, should exhibit clearly and unmis¬ 
takably the signs which mark a planet as the abode 
of life. We have examined Mercury and Venus, the 
only other orbs which belong like the earth and Mars 
to tho flohcme of the minor planets, and we have found 
little to guido us to any certain conclusion respecting 
their physical habitudes. When wo pass beyond the 
wido gap which sopamtos tho minor planets from the 
giant mombors of the solar family, we shall find much 
to attract our admiration, much to force upon us the 
Ixiliof that those orbs have been created to be the 
al)odcH of even nobler races than those which subsist 
upon our earth i but wo shall find little to justify us in 
nsHerting that they resemble the earth in those habi- 
tiulns which seem essential to the wants of terrestrial 
TUccK. ilio planet Mars, on the other hand, exhibits 
in the (ilcarost manner tire traces of adaptation to tho 
wants of living beings such as we are acquainted with. 
Processes are at work out yonder in space which 
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appoOTuttorly uB0leB8, ft/unl wo«to of Nnlura’# energlw, 
unless, like Uieir oorrokUvnB on earth, they sulwervo 
the mtits of organised beings. 

I would nob indeed insinb, iw some have done, Im 
strongly upon this argiiinont. I know Mnil on every 
side wo HPO tokens of an exubemnt nelivily in Nnlnre, 
whlohj aooording to our ideas, may appear to mvonr of 
wustofulnoss. Tho oloud which ha# been raiited by 
the solar onorgios from tropical sens, and which the 
winds luvvo waftod over oontinoula, may ahwi ila 
waters on tho sen or in llio desert, whem »»Mstnlngly 
thoy nro wholly wasted. Winds may spend their 
force apparently in vain. And In a Uionijwud waya 
Nature’s busy forces may l)o at work where we, in our 
short-sightedness, eon see no useful purjKMsn which they 
subserve. 

Bub bhcro la a marked dlstlncUon between »ueh ap 
parent instances of wnsteM notion, and the »y#l«niftUe 
proooBBOs whieh aro taking pinoe over the globe «f 
Mars. 

Upon our earth wo can dlnily bmeB out a nscMslty 
(depending upon tho order whieh nctuolly mIiIj) far 
that which appears to rosomblo waste. We see, for 
instanoo, that If a country or a oonUnent i* to be 
vldod with a duo supply of roln, without wpemataiwl 
intervention at ovary stop of the proeeii, tliat wtdt 
oMi only bo seeurod by wlinb may be deswibid m a 
random distribution, Involving always what (to m f«» 
BombloB waste. Xf, out of a ^ouMud shawm, ten (mty 
fall HO as to he usohd to the land, the naefnl rtlfilhUf 
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servo to explain (so to speak) the seemingly wasted 
onea* 

In the case of Mars we have no such explanation 
of the processes we observe, if we dismiss onr belief 
that he is the abode of living creatines. For if Mars 
be, indeed, untenanted by any forms of life, then these 
processes, going on year after year and century after 
century, represent an exertion of energy which appears 
absolutely without conceivable utility. If one cloud 
out of a hundred of those which shed their waters upon 
Mats supplies in any degree the wants of living 
creatures, then the purport of those clouds is not un¬ 
intelligible ; but if nob a single race of beings peoples 
that distant world, then indeed we seem compelled to 
say that in Mars at least Nature^s forces seem wholly 
wasted. 

Let UB consider what astronomy has taught us 
respecting the ruddy planet. 

The globe of Mars is about 6,000 miles in diameter, 
so that his linear dimensions bear to those of the earth 
the proportion of about 6 to 8. His surface, therefore, 
is less than that of the earth in the proportion of about 
26 to 64, or more exactly (and more conveniently), the 
surface of the earth is 2^ times as extensive as that of 
Mars. 

The substance of Mars has an average density 
rather less than three-fourths of our earth’s, or very 
nearly four times that of water. Thus gravity at his 
surface is much less than terrestrial gravity. It is even 
leas, in fact, than gravity at the surface of Mercury, 
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inBoiatioh that one of our pound weight# ploocd nt the 
surfaoo of Mara would weigh but Cost* 8dwfc8ij insteud 
of nearly 7 ounoo8,«8 on Mercury. I have alrendy dwell 
on tho offeeba of anoh a relation na thia, and ahull have 
oocaaion, when doBorlbing tho condition of Jupiiur, to 
diaouBa tho convorao relation. But I tuny remark, in 
pasBingjltow aiiigular it ia that woBhoiiltl bo oami>oiUjd 
to people tho amalleat planota with tho Inrgeat inhubit* 
anta, if wo wlah to bring tho inhabllmita of different 
orba to about tho aanio aoalo of nctivily, A Dnniol 
Iininbert on Mara would bo able to leap finally to 
n hoight of flvo or six feet, and ho eould run fnater 
than tho boat of our teircatrlal ntUletea. A man of 
hia weight, but proportioned more auitably for athletla 
oxorolaoa, could leap over a twelve-foot wall. On the 
other hand, a light and notivo atripllng romorotl to 
Jupiter would bo aonrcely able to move from plnws to 
place. On tho aim hia own weight would simply 
oruah him to death. 

Mara travel# In an orbit of otmaiderabki oeocntriolty j 
in fact, tho centre of hia orbit ia no leas than 18 , 000,000 
milea from tho aun. Aooordingly, the light and heat 
ho rooelvoa from that luraiimry vary to on IraiJortiUBt 
extent. In fact, ho goti about half na muoh heat and 
light again when in porihoUon na when in aphnliun. 
Thia oireuraatanoe affeota to an important nxlunt Urn 
olimatio rolationa of hia two hemlaifoerw, m w» Bbatl 
preaently boo . 

When Mara ia at hia mean dlatanoe from the tun, 
the light and heat ho reoelvea are Im than ouni in the 
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piopnrliou of ululut 4 to «. Tho loiigtU of his yeai 
»1 ho <!()iiH|.if,utoH II noloworUiy oiro.iiinHtnnco in which 
liiii ImhiUidi'H (lillhr fi-om bhoHO of our cartli. His your 
ifoiiliuiiH vory Hourly 087 of onr (lay«, ho thiib each of 
tho Miutiiui nuiirtorfl liiHbB ahoub fig of our monblis. 
Hut, owinji; to tlio ooooiitrioiby of Iuh orbit, tho winter 
luitl Hiiniiitor of tlio nortlioru and Houthorii hoiniapheroH 
iiro not. (•(I iiul. Tlio Martian day ia nearly forty ininutoa 
longor tluiii oui-H,' 

Ilia twjimtor in inolinod at an aiiglo of about 21 ^ 
dogrciort t(i tlio piano of hia orbit, and aa tho eorro- 
Hliondingf inclination in tho oiiro of tho earth is about 
aai dcgrnoH, it will be Hoon that Iuh HoiiHonal oliangoH 
do not. difTor inuoh in oharactor, ao far at least as they 
dopi’ud (m iucliniition, from our own. 

Tho uxIh of RliirH Ih ho flitnabod that tho BUinmer 
of luH nnvlhoni IioniiHphoro oeeurH when ho is at his 
gioidOHt iliHtancu from tho Him. T'ho Hiimo relation 
holdit in hlio chho of tho earth, tho Hun being 1,600,000 
milcM neuver to uh in winter than in Huininor, whereas, 
to thoHO ^vll() live in tho Bouthovn hoiniaphoro, ho ap- 
proiielum nearer in Hummer than in winter. But tho 
olleelH riJHulting from the relation in tho oaHo of Mara 

> More oxiiiilly, llio loitgtli of llio Marllim diiy In SOi, t(7tn. Sa-Ta. 
'I'lilH i<«ltiiinl 4 i I liitvu olilnliiml by ooiiiiiiirtiig ploUiniB livicon by 
JbHikrt tu i noit, (vinl by UawiiH and llrowidng lu IHOO-ilil—tiildiiff 
prittiiniUniiM l4t MiRiuro llittl 110 uoinpldto rolnllon Hlumld nnywlioio 
Imi b«l olglit of. Kiilnnr obUtliiod ti piirlod dllTmlng only onudonlh 
Ilf n iii'iionil friint iniao i but nvon HiIm nihuII diKoriipitnuy la ruuiovcd 
wbiiii iii'rlii.tii oUirlcitl iirriirii In Kulwir'ii work (aa lilu uuiiuling 1700 
anil IKOO iw iwiinyoiua, und wrongly onnoollng for olmngo of alylo) 
KMi rmnovMt. 

Q 
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must bti very much more striking than those we re¬ 
cognise. For whereas the sun gives only one-fifteenth 
more heat to the whole earth in January than he does 
in July, the sun of Mars gives half as much light 
again in perihelion as in aphelion. The summer of 
the northern hemisphere of Mars must ho rendered 
much cooler and the winter much warmer by this ar¬ 
rangement, On the other hand, the contrast between 
the summer and winter of the southern hemisphere is 
rendered more striking than it otherwise would bo. 

It is, however, the telescopic aspect of Mars rather 
than relations such as we have been dealing with that 
aflfords the most interesting evidence respecting the 
fitness of the planet to be the abode of living orea- 
tures. Although the least but one among the primary 
planets—a mere speck compared with Jupiter and 
Saturn—Mars has been examined more minutely and 
under more favourable circumstances than any object 
in the heavens except the moon. He does not ap¬ 
proach us so closely as Venus, nor does his disc appear 
so large as Jupiter’s, yet he is seen more favour^ 
ably than the former planet, and on a larger scale, in 
reality, than the latter. In fact, whereas Venus is 
one of the most unsatisfactory of all telescopic ob¬ 
jects. Mars is one of the most pleasing} and whereas 
Jupiter is always more than 880,000,000 of miles fronl 
us. Mars sometimes approaches us within less than 
40,000,000 of miles. 

Yet even this distance is enormous, and it affcards 
high evidence of the skill with which modern telei-. 
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soopos are aonsbructed and used that astronomers 
should have been able to span that mighty gulfj and 
to bring from beyond it reliable information respecting 
the structure of so distant a world, 

Suoh information has been brought, however, and is 
full of interest. 

Viewed with the naked eye, the most remarkable 
feature Mars presents is his ruddy colour. In the 
telescope this colour is not lost, but instead of charac¬ 
terising the whole surface of the planet, it is confined 
to particular regions—the intermediate parts being for 
the most part darker, and of a somewhat greenish hue* 
But a noteworthy feature adds largely to the beauty 
of the picture presented by the globe of Mars. Two 
bright spots of white light are seen on opposite sides 
of his disc, presenting precisely such an appearance 
as we might imagine the snowy poles of onr earth to 
exhibit to an astronomer on the planet Venus, 

Towards the edge of the diso the ruddy and the 
greenish tracts are lost in a misty whiteness, which 
grows gradually brighter up to the very border of the 
planet* This peculiarity, as will be seen, is one of the 
most instructive features of the planet^a aspect. 

In August 1877 two minute moons were discovered 
which travel around Mars in about 30^ hours and 
about 7f hours respectively. 

It was discerned, more than two hundred years ago, 
that the reddish spots on Mars, and the dai^ker regions 
which lie between them, ore not accidental or variable 
phenomena, but represent permanent peculiarities of 
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tlie Martian Burfaco. Caaaini, with one of thoHo onl - 
rageously long telescopeB which Avcro used hoforo tlu^ 
invention of achromatic refractorB, was the first to dia- 
cover this. But the ingoniouB Hooke soems to havr 
obtained better views of Mars in 1CG6. At IciiHt, bin 
pictures of the planet are the only ones taken in tlin 
seventeenth century in %vhioh I can recognise the llo^v' 
well-known aspect of the Martian continents and oci'iiinn 
Later, Marnldi and the llorschols, Arago, Stsoidii, 
Kunowski, Beer, and Mtidlor, nnd a host of other 
ejninent astronomers, have not thouglrt tlve Bi.inly 
of this pfianet’s aspjeot beneath their notice. Within 
the last few years, also, this work has been pro8eimt(’.tl 
by Dawes, Green, E. Trouvolot, and others. l)aw<!H, 
whose acuteness of vision earned for him the title of tlin 
< eagle-eyed,’ took so many and such admirable vhnvH 
of the planet as to render it possible to form a globe of 
Mai's. Sir William Horscbel bad oliarfcod tho p)hHiel, 
and Messrs. Beer and Madler bad made improved Mar¬ 
tian maps; while PbillipiBbad constructed two globi>Ht»f 
Mars in wMob many features wore presented. Hul. 
Mr. Dawes’s pictures of tlie pfianot wore Bufilciont, wbon 
carefully compared, for tho formation of a globe in 
which no large area of the planet should bo left barn <»f 
details. Ho entrusted to mo no loss than twenty-sevu i» 
drawings of Mars, tho cUoioest speoimons of a vt^ry 
largo series, that I might chart tho pdanet from them. 
From the study of his drawings the accompanying eliui t 
has been formed. Of tho four illustrative vIoavb lUn 
upper wore drawn by Mr. Trouvelot at Harvard, tlm 




Mark in 1877 (TroiweM). 
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lower ))y Mr. Nfvtli, Olnstm. Th« oluivt of Milih, iii 
which Uui (livvkor i)art« of (ho [ilanoi) iiro iiKMumod 1:0 
ho KcuiH aiul (;li« Hghl'.or triicts onnliiionlirf, oxhiltilB 
th(3 I'OHultH oblaiiied from the study of tho coniphdii 
HorioH. 'riiiH (diart in on Mtsrciilw'H pr»j<vi(.iou, luid 
i« iiivorhid—tho Houth poliir rogionn, that. Ik, aro at 
tlui top—hotsauHO tho tcloHcopoa cointuonly UHod hy 
ohaorvorH oxliihit inv(n‘t(!d viowH of tho (mlonlial oh- 
jootH, At till) top of tho map wo hoo tho ioy roghui 
whioh lioH at tho Houthoni polo of ATara. Ar<)>iiiil 
that rogioa iu a soa uimaiuod in tho map«. '.I.’hon 
along tho Houthorn tomjKU’ato '/ono tiutro lio hovoihI 
traotB of Jiartian land, iiamod after olworvorH of tho 
planet. Thoso rogiona appear to form a oontinuouH 
laud-holt votmd tho toiii^nn'ato zone; tlxuigh thero 
in Homo muiorliiiuty on Huh point., owing to (ho I'mit 
l.liat tho (loaHlr-liiio in not of(;oti very diH(,iiuil;ly viHihlo. 
Wo now approaoli, Imwovm', a part of tlw; map whom 
all tho f<)a(.m'(;H ani thoronghly rocogniKod and jianiia- 
nont. Next to (.ho olv<!h! of land juHt domnihod (.horo 
iH a luairly coniploto cirolo of water, one Htrlp only of 
land ooniKioting tho (Kpmtovial contjiiontH of Miirn 
with the Houth toinpomto zone of minor eoiilhioniH. 
lU'gimiiiig at tho oaBtern or left-hand oxtnnnity of 
tho map, wo liavo a long mi tialled Aluraldi 9 <ja 
parallel to whioh rmiK IlVadco Boa, (.rending In a 
north-woHlorly <lir(!otion, mid ho running into Ilnwoii 
Ocean } still farther west are two viiHt iHlands, called 
.lacoh Island and DiillipH Island, lailweon whiidi 
rnns Ariigo Btrait, Iloyond tlumo islands lies lie Iu 
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Rue Ocean, communicating by narrow straits with 
two strikingly similar seas. Here tbe zone of water 
ends, and we have only to note further respecting it ^ 
that in He la Hue Ocean there is a large island, 
which presents so stritdngly brilliant an aspect tbat 
it has been supposed to be covered (ordinarily) with 

snow. It has been called Hawes’s Ice Island. 

I now come, to the most remarkable feature of the 
Martian geography—or perhaps I ought rather to say, 
areogrwphy. This is the great equatorial zone ot 
continents. There are four of these. On the left o 
the map is Hersehel l. Continent. Next is Dawes 
Continent, the largest of the four, and separated from 
the former by a long sea called Kaiser Sea. This son 
; i is one of the most striking maiks on the planet, and 
has been recognised from the earliest days of toleaoopio 
observation. It is connected towards the east with a 
flask-shaped sea, somewhat resembling the two which 
lie at the western extremity of the zone of water just 
desoribed. At its northernmost end it turns sharply 
westward, and forms the southern boundary of Dawes 
Continent. Further west lies Mftdler Continent, Bopjv. 
rated from Hawes Continent by a long strait, which 
runs almpst directly north and south, Lastly, there is 
Secchi Continent, separated from Mfidler Continent 
by Bessel Inlet and from Hersohol Continent by 
Huggins Inlet. A large lake on the last-named con* 

' tinent is 'worthy of notice on account of its singular 
shape, it consists of two bell-shaped seas oonneoted 
, by a narrow and; sharply ourved strait. , i 




































rm: AfiNiATtmj^j (W arm jjamtji. 87 

Tins novIluMu hulf of Iihh iioIj bonu m tiuh 

A*^Hi|jrhly oxjuniiuul UH Mio BoiitUnm, for a roiiHon wliioli 
'vill pvoHonUy Im moiilioiiofl. Hi m known, liow(ivnr, 
ill all oHHonWal rospuotH,ili roHonibloa tlinHoutlnon 
luMuirtpliore, to tho oqualorial zoiin of oauUnonin 

thoro (toiiuffi a z(*ii() of watar, «)x^)iiu<liTi/( ab ono ^lainb 
lull) IWiar Hrii, null ab anollxu' into Tyolio Haa. 'I'lion 
ainiioH a zoiio (if luiiil, (lalloil Ijaplaao Lund, in wlitoli 
li<w an onoimouH lalco (?alln(l Dolumbro Won, Noxt in 
a narrow zniio of wal or, oulkal tiui HuliWib^r Hoa: and 
HO wo r(‘aoli tlio north polar it;n**oap. 

I bavo Imm Hp(?aldng of Uio Hpotn oit Mara na 
flnnigli lhay undonl^tially nquxiHonlod hind iind \vul(n’. 
Bub iv' V diHpom'd to qu(?HUon tini ovidniuMi 

wo luivn oil tliiH pond:—to ask why tlio vinkly Hpola 
alnmltl Im h<dd to bo oontinontH or iHlandu, and tho 
gn'onMiH’oloiirad tnarkhigH to bo (xjoaiiH, notirt, and 
lalu^rt. Wo know that for a long tiino art<?r Mm in- 
vontion of tlu^ ltdcmoopo, UHtrononiora oiilhsl l ln» diirk<a‘ 
poriioiiH of tho union, Ttioy apidco of llio Hoa of 

i^oronity, (lio Hisi <»f (JriHOH, I ho Sou of HnrnonrH, inal 
HO on ; and wo know now for oorlain that iln^no dnaky 
rogions nro not naan. It iniiy bo aHko<l, thoridbro, how 
wi’ mn f(M‘l aoilnlu tluit tlio darlc aputa <in Mara nvo 

OIMNIUH, 

At nrat aigbt thiH qiioHiiou hooiuh u dillhndl ono 
to uHHWor. Tli(» moat poworfnl tohmaopos liavo )»oon 
diroottal towiir<lM tho moon, without allbiding any 
Biitiafaidory information ri'Hpoatlng tlio condition of 
ittt Huvfaou. Mara, thorofons whhdi liuH --ovon unUur 
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tlio inoHt fiivomuhlo oiiwiiiiHltnuTH imoio (liun onn 
ImiHlmlluul Hixly Hiikih ruiMn'r IVoni utillum Ui.» 111.1..11, 
iniglifclm UxMiglifc i,.. iHi itlKtgHlnn- I..701..I (h-n-.i.’h 
ofourtoloKOopiHlH-^iH. Iiir, hI. Inml, ai. any 
of tho Mavlitm miilaon in ooiin-no il. iWit, niio ini- 
IHirtarib iliHliuotiou lasiwooii Mara aial tlio iimou i.itn.l 
lio (lavcfiilly allimdod i^». 'I’lio umlio n of ilm nm-.u ia 
ahvaya tho waino - no iml.uiid i.rociMtiioii tuo iii ov.t to 
talco iilaoo ovor Unit itroiio of drnolalioii, lliom-li (ho 
moon ia oxiioHod to t-oiilrimlH of loni|ii>ialuto. roiopar. d 
with whioli tho diHliiiotioii In l wooii ( In* iidoiia-t.t hr:d 
of our Hiuiimora and tho liiltoiodt, oold of our wint. iH 
HOoniH idtogotlior ovanoiifoid. Hut on Mara I In* ojimi 
iH (jortniiily dilVoroiit. Wlmtovor o].in; * -'iiy foi oi 
roHpeoting Mavtian Imliitudoii, whoilior wo iim'om <> ..r 
not that Mara ia tho aliodo of any foiiini of iiiilnnd lifo, 
thoro can ho no qucatloii wlmtovor Ih it phyidi i1 jum- 
coKaoR of chango aro (idling |ihifo on n gntnd lindo in 
that diataiit world. Many ovidi nioa of (Inn oan ho nl. 
onco adiliicod. Wo liavo aiiolioii of (ho MniJiaii !• i- 
tnrca aa coiiatanl. Tlioy dilVor, for iin.liiiico, fonii (ho 
inarkiiiga on .rn)iilcr, which arc im clningoful aa t)io 
aaimct of our April aldcu. Hu(. (h-rngh (ho >*amo 
nmrkiug may havo horn aeon hy Hinilio in lihih, hy 
MariihU In Ifild, hy llcrachol in HHO, hy lh-.<r and 
Madlorin IHIIO IJ?, and hy iMwoa in ye) it 

hy no mcaiia followa (hut il. in idwnya vi»>ihlo whon (ho 
part of Mara to which it hohoiga ia liuin d )*iw<tid!< ini, 
A veil ia aomolimiiH drawn over it- for honia or oven 
daya togcllun’. And thin veil Inia nothing to do with 
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<lio (liHUufltiioHH or iudiHtiuc.tnoHH wiLli wliioU our o’nm 
i>1-inc)H|^)horo porinitB uk to hco tlio plimot. A spot will 
1)11 hlnrrwl tnid iiuliHl inot wlioiiftnoiylibouring moiidng 
iH (*xlul)il,<i(l with uiniHiiJi! olomium 

Lot UH ooiiHidor an iiiBlunco oF thin pociiliarity. On 
OotoJxir a, 1802, latc) in tlio ovoiiiiig, a part of Dawes 
Oooiin, whoro it l)or(l)n‘B on llorHcliol Coiitiirent, was 
hidiloii from viow. In placo of tlio ordinarily dark 
UBpiiot of tliirt rogion, a fiiiutj uiiBty light, with ill- 
dolinod hoidorH, was oiiBorvalilo, A« tlio ovoning pro- 
groHHed tho (mtlines gradually liooamo oloarer, but at 
uliout half-piiBt olovon tho wliito light fltill continued 
to veil tho outline of a part of Duwch Ocean, Bat Mr. 
DawcH, oliHorviiig Mara at a unurl.or puHt twelve, 
found tliat tlio pvoiiOBtt of clcuriiig up noticed in 
tho earlier part of tho night hud emliroly lifted off 
tho voil whioli conrcalod tho oourtt-liiio, Tho remains 
of tho minty light booh carlior aro Btill to ho detected 
in Mr, DawoB'H ilrawing, hut they liavo iiuBHcd fartlier 
Koiitli, and no hnigor hido tho bIku'ch of Duwos Ocean. 

Tho I’lidvo (Sccolii of tho Oollogio Komnno states 
tliat ho luiH ol'tou notiood Himilar aiipcaranooB while 
oliHorviiig MttVH with tho Ibio rofmotor in tho observa¬ 
tory of that iiiBtitutiou, 

But yob auothor poouliavity of tho Biimo sort remains 
to ho inonlionod. Mam, an I Iiiivo Haul, Iuih his winter 
and Hummor HoafloiiH. Sinco wo know tho position of 
tlio Martian cguator upon liin Hurfaco, wo can tell what 
Hoasun is in progroHB in oithor liomiBphoro at any given 
timo. Now, it haa boon notiood Unit wluui it is winter 
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ill omi luMiiiniilit^ns iimi Ihnv^'fiUM HuriiiiiMr in fit.* cflun', 
Uio foniu^r lininiMiiltnnt in n» iivly nUvay^* hi»M* rt fiimt 

vi(5\v liy jiuif. HiinUu Vt'il im I ijml vn *.f 

I niiiy ivniarU, in punniu/r, fliuf. flitst pirnlinvity linn 
hi] iimiiy nhiUivnvii In fnnn vi*ry njnmM.nu inipt< n>n^M\u 
vohptT.liiifj (lisfiiltnlinii of h\uA uutl voti. r tn. r fitn 
HUrriUHtof .St*t*jii|; ono hnini! phno* rnvro-.l f»ir 

wonkn io/{nl)iniMvi(1i wliiliitli iijjlif* th y luiviM Mit.-ltuf. 4 
iJtal, Ihtntt nvo in* in’*-iinN llmio; iiint if liny liavc* nn 

ollun’ (tppniiuniiy of oltMri vinii: iltn pPoti l, Iinii fiilnni 

iinprtn^Hnm ninm5nn, niid itt pnltli-tltitl fn llu’ not hi with 
nil (ho nuilntriiy of fin* nlu^oi vn'o nsnoir, 

Now, wluil- in lliiM voil svliloh psono tiMt»M< for u hnv 
honvH or ihiyH, uf ollonn for notnUiM fo-p flo i, iit tliawn 
Dvor (lio foiU.nroH <tf iht* Minii^nt tlnvo wn tiny 

tf^rroHliial uniilo^jiojt by inraioi til wliioh wt* nioy inf or * 
pntl^ ihin plionoinonoM V 

To inonvor llioito (po'fiiioni?» lot \u\ i om* ^ivo fho 
oiiHO of nn oltMorvor on Voimri nHloPiini; mu oatfli, 
Woiihl aimh on olisorvor ohvoyH if* *' flio b ofmn ii! nf 
tluH globo n*ith otpuil i1i( iinolni u'i y Whoo lo iivy 
muHrtOH of oloiol uro tluuvii nvor n nolo i ^p io o of 
{?ttuuiry Kprt*mUiifj ollonj \v\ nu n h’r 

huudntilh, iiiitt hvon llitiiMunola of loitot. riin no anp][wi?^o 
ilmt iho iiHlinnonn*!' on Vonio< Ooul.l pi*u« p llurop{)i 
tliO voil V Kinoo wo raniiol ^vv fho Puijhf tr.^4y of fho 
HUH ilironf.(li H ihnm olt»Uil“Voil, no may 1 o rorlniM f haf 
iho oliMorvor on Vonu« raimot loo rho oi r au^ iuhI 
{MintinonlH tif onr oarflt wlion flMo< rloo^l 
Bo far HH tin* oloud**voil oxIoimI?*, fho hunk of 
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this globe would bo to him, at suoU a time, as though 
tlioy were not* 

Horo, thoiij wo have an avgiunont from analogy for 
supposing that tho voil, which from tiino to time con¬ 
ceals the Martian features, may resomblo torrestrial 
cloud-banks. Let na next inquire wlicther there is 
anything in the behaviour of the Martian veil to justify 
this view. 

It is clear that if wo hold tho concealing medium to 
be of a cloudy nature, the disappearanoo of tho fcatur(58 
of tho hemisphere which is passing through tho Martian 
winter would indicate that in winter tho Martian aides 
are more clouded than in aummor. Wo know that 
this is the case on our own earth, that fogs and mists, 
clouds, rain, and snow, are j^honomcna far more fm- 
qiiently observed in winter than in summor. Wo 
Imow also why it is ao* Tho cold winter air is unable 
to retain tho aqueous vapour continually passing into 
it, and is thns forced to precipitate this vapour in oiu^ 
or other of the forms just named. Nor can wo soo any 
reason why tho Martian ixtinosphorG, auiiposing it to 
r(»aemble our own, should not act in precisely tho same 
manner. Thus wo rccogniflo, in tho roitinrka))lo aeaHonal 
peculiarity above described, what seems to bo tho exact 
counterpart of proaoBses recognised upon tho mirth. 

l^erluipa tho reader may be disposed to inquire 
whether tho clearing up of a portion of tho Martian 
disc obseiwod by Dawos admits of iutorpretation in a 
similar way. To this it may bo replied tluit, from tho 
observed position of the region in question, tlio Martian 
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time of ilay ninut Iuivm Hnni<nvlu^r(i nlwuit 
noon, and ubonlono o’oloidc in tho aihnnMnii (tua^uvdinit 
to our tornmirlul jnodn of r(*rlvniiiii|r) wlion Mv, Diiwrjf 
ol)H()vvo(l ilio iilanoL It in no tuirnmnuni iliin/r to 
ouv torroHtrial nlcioH <d(‘av nj> mnai idiiM' inidMluy j lunl 
if tlio Yoilwluoh ooiioohIh t lin Marl inn fratm t-a in naiUy 
cloudy, thirt in j>vroinaty wlmt liu{*|MMu*d out yoialri^ 
forty inilliouH of iniloa away fnan uh, on llio day in 
quot^l'ion. 

I think (ho rrudiT will at loaMl ooncodo that (lio 
oxplaimlion \um givoii of (lu'MO |)rrnlian(it'H ia iitioo 
imtuml than ono which waa put ha wiivd amno linio 
hIuoo by an oiniiaud. 1‘Votioh anironomor. llo ui>{nt 
that Martian vo|jolu(inn, inH((aul <ir laung griaui lilut 
onvfl, ifl rod; lauufi^ iutho MarlianHtnnnu'r,iho Hmfaon^ 
(iH Hcoji by UH, nmannoH a rtiddy anpcoi, while flu* 
wintry hoiniHplna‘o Iohoh ilM naldy lint. Aonadlit>| 
to tlilH intovprotation, laich olmiijjoH aa wore noUrrd hy 
Bccnhi would indicato (ho middon hloonihijf forfJi m| 
Martian vogtdalhai over hinidrcda r»f >i:<iuato ruilcH of 
the Martian Hurfucol 

To tho oviilonno nlroady doall wlfh may bo adrb d 
that which la alVordort by (ho wUhono^K fit (bo di^to 
of Mara luair tho odfpj. Knowing; lhat tho jairla of 
Mara whiesh (hna appear oiinooalod in iniH(. nro 
wlioro it ih moniinff or ovoniuff in (ho Mavtiann, 

Hco a cloHO anahigy hero io torrohlriivl ndaliona, wlnra^ 
our own akioH are <tommcady moro inoUtnro-ludoii iu 
tho morning and (waning tliau near inidHlayJ 
* In llio * I'uimlar Uuvlnw ' (nr ♦Iwiamiy iHaa» I 
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I may here pause, in passing, to notice under what 
difficulties the observation of Mai’s is conducted by 
the terrestrial observer. To begin with, the sky must 
be exceptionally clear; and none but the practised 
observer knows how seldom there occurs what ia called 
^ a good observing night.* Then it must be afi/ae dciy 
for the Marticms^ for clouds over Mars, or even an im¬ 
perfectly clear atmosphere, must produce quite as bad 
an effect in spoiling the definition of Mtirtian features 
as similar phenomena on earth. Again, Mars only 
comes into a favourable position once in every two and 
a quarter years, continuing to be well placed for only 
a few months. Thus it happens that, although Mars 
has been telescopically observed for more than two 
hundred years, the actual time during which he has 
been favourably placed for observation has been very 
much less; and talcing into account all the require¬ 
ments for good definition, it may bo said that Moi'S 
has not been under really effective observation for 
more than a very few days. 

Of course if we admit that the vaporous envelope 
which occasionally hides parts of Mars is aqueous, we 
must believe in the existence of oceans upon Mai’S. 
And from our knowledge of the appearance of our 
own seas, we should immediately recognise the greonisli 

dlcatcd ^ subsidlaiy explanation of tlila poouHarlty, founded on 
the probable abapo oC the Martian clouds. For tbo eaino reason 
that, near the horizon, our own oiimulus clouds sooin more closely 
packed than overhead, the Marbiniifl would eoo a olearor sky ovor- 
hoad than near tho horizon. It follows at onco that wo should eoo 
best thoBo parts of tho surface of Mars whioh wo look down upon 
In a nearly vortical direction, that is, tho contral parts of his disc. 
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parts of Mars aa tho Martian oooani, anti lo<»k uprui 
tlio ruddy parts aa oontinonta* Wo liavo aoen that tho 
bolmvlour of tho wioua onvolopoa oarroBjKiiHlH to 
that of our own clouda and fog«. But It inlght ha 
thought poaaiblo that tho vntwura arlao from fhud« 
other than water} that, in fact, a ahito of thinga osiala 
upon Mara wholly dlH'oront from Unit whlolr provaila 
upon our own earth • 

A fow years ago It would Itiivo hiion very dllTioult to 
dlaprovo aueh on argument a* thia, howovor fanciful it 
may aaom, But tlie wondarfid powera of Ihe tipt’<rtn>- 
Boopo have beon applied to this iiuiwUrui, and them Im 
no miatnking tho roauRa which hiivo been obldntKi. 
Wo must promiao that this la hardly a favoumblo tmts 
for tho application of apootrosoopio annlyalsi whioh (oa 
available to tho natronouier) doida most effootlvely with 
aelf-lumlnoua objeota. Still, Lhoro was a ijoatibillty 
that tho light which ciomea from Mnra might Imvo Ur»o 
BO acted upon by vapoura in Uio Martian otnuMpluisrw 
that its Bpoctrum would bo aflhoted in on apprwiltthle 
maimeri 

Mti Huggina examined Mora in 1804 without Mti»» 
factory reauUa, bub at the oppoaiUon of Mon lu 1807 
ho waa more aacocaaful, In tho Mlowing diMflption 
of hla moat atrlldng obaervaticm I oidtomte hia 
account. On Fobruory 14 ho examined M«m with a 
BpcobroBoopo attached to Ida {loworCal 8«ineb 
The rainbow-qolonrod itreak wa« fflmaed, n«if thi 
orungo part, by groups of dark linea ogiwiiif in {Milo 
tion * with Ilnca whioh make ibttlr appMmnoe in the 
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fiolar speotrum when the sun U low down so that its 
light has to traverse the denser strata of oiir atmo¬ 
sphere** To determine whether these lines belonged 
to the light from Mars or were caused by our own 
atmosphere, Mr. Huggins turned hia spectroscope 
towards the moon, which happened to be nearer the 
horizon than Mars, so that the atmospheric lines would 
be stronger in the moon’s speotrum than in that of the 
planet* But the gi’oup of lines referred to was not 
visible in the lunar spectrum* Hence it was clear 
that they belong to the Martian atmosphere, and not 
to ours* 

I have said that these lines appear in the solar 
spectrum when the sun is shining thiwgh the denser 
strata of our atmosphere; so that the Martian atmo¬ 
sphere must contain at least those constituent vapours 
whoso existence in our atmosphere causes the appear¬ 
ance of these lines in the solar spectrum* Hence there 
must be some similarity between the Martian atino3j)hero 
and our own* But we know from the researches of the 
Padre Secohi that it is the aqueous vapour in our air 
which causes the appearance of the lines in question. 
Hence there must be aqueous vapour in the Martian 
atmosphere. 

The discovery at once justifies the title of the pre¬ 
sent chapter. Let us consider what a number of inter- 
e sting results follow from it. 

The water in the Martian air must be raised from 
seas and rivers upon the planet. These, therefo):o, 
Qousist of water, and not of other fluids. The two 
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white spots, then, on the Martian disc are no longei 
doubtful appearances. Before the discovery that watoi* 
exists on Mars it was perhaps somewhat bold to pro¬ 
nounce that these spots certainly indicate the prosonoo 
of ice-fields around the Martian poles, resembling thofl(» 
which exist around the poles of the earth. Sir WilHum 
ITersohel, indeed, with that confidence which ho alwayH 
showed when he had a trustworthy analogy to guido 
him, came to this conclusion on the strength of tbo 
correspondence between the changes of the two spol H 
and the progress of the Martian seasons. But many 
astronomers felt that there was still room to doulib 
whether he could reaHy speak of the spots as— 

The snowy poles of moonless Mare, 

Now, however, we know that they can be no otlior 
than snow-caps. Nay, if Mars were so far off that vve 
could not distinguish these spots, we could yet, on iha 
strength of what the specti’oscope has taught uh, 
pronounce confidently that his polar regions miint 
be ice-bound. 

Let us proceed a step or two farther. We havo 
seen that there are oceans on Mors; wo know that 
clouds and vapours arise from those oceans, and ar« 
wafted over his continents j and finally, we have learned 
that snow falls oil the Martian polar regions. TIuihw 
facts are very interesting in themselves, but tlu^y 
indicate the occurrence of processes yet more inter-* 
esting. The formation and the dissipation of cloud hi 
ai’e among the most important of all the processes hy 
which Nature arranges and modifies the temperaiiirti 
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of mir ('inOi, TIkj lidiit of fclio hiiu’h niyu iH uhihJ n]i, ho 
lo Hpciik, in ruiHiiig urpK’ttuH vnpcnu’ from Mm (inrfiiot) 
of fclui ooonii, TIiuh Mm air is rondorod wiolor Miim ifc 
oMmnviHo woiikl bo, and Miih takoa piano juHfc wIko'o 
noohioHB ifl moHti noodod. Hull Mm nipinouH vapour, 
oiico raiood, ia Hwnpfc by Mm windfito oth(!vro/fionH. Bo 
loiij.' ns Mm air rmuaiiiH warm Mm nipmouti vapour ro- 
tnaiiiH nimlmiii'od j btifc ao aoon aa it linn boon (sarriml 
to noldor r«/,'ionK it ia (•omlonand into Mm form of a cloud 
or iniat, and wliilo oliaiiffing to tliia form it jiarla with 
Mm Imab wbioh bad tnrimd it into vapour. TIiuh wlmrii 
lifiat ia in oxcohh, it ia iiand up in forming aqimoiiH 
vapour { and whom Imat ia wuntod, l;lmro Mm aqucoiiH 
vapour diatributoH it. 

Wo HOC, Mmn, that on ^farH Micro oxiMta tlm auum 
admirablo nontrivaiico for tompnring olimatoH wbioh wo 
find on our own oarth. 

Jlut lot ua oouHidor yot nnotlmr ofiuui fulfilloil by 
aquooiiH vaponr. It not only norvoa to convoy blio 
boat from Mm warmer parta of the earth to thoim 
mgiouH where heat ia moat imodod j it forma olouda 
which Horvo Ix) alndtor Mm earth from Mm aun’almat liy 
day, and to provont the canape of tlm oarlh’a heat by 
night, which alao, In rofrnahing luina, ‘drop falnoHa 
on Mm earth.’ Now tlm olouda on Mara arc ocrtaiidy 
diBHipatxjd in aonm way, licnanac, aa I have aaiil* 
aatrononicra have rcjmatndly aeon them diaappenr, 
And doubtloHH, like our own olouda, they are oftoij 
diHHlpaled by tlm aun’a Imut. Jlut wo may lake it for 
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granted that, like our terroBtrinI clmul», Uuty aro nlw 
often diBHipatod by fidling in min. Thu« fb« Martian 
IntidB are iiouriBhod by viirmHliing miiifnllas and who 
onn doubt that they arts tbna Jumrl»htHl for tbu mnu* 
purpoBO na our own IWld« and forcHls^-niuncly, tbivt 
vogotiitlou of all aorta may grow nltuiuliinlly ? 

Bub yet again, llm tran»il i*f cbmd« from placo to 
pliieo implieti tlto oxiulcmio of ahrinl eurronta. Cl.mila 
cannot imload ovon form ami bo diBsiimlotl wiUuuit 
occaHiorilng wind-currcuta j and ft nrcd Imrdly Iw *»id 
that tho Martian ttlouda could not bo tmrricd Ui Ida 
polar regioiiB, thero to fall in »now. unlcaa tho almo- 
aphorlo ourrenta on Mara wore cxton«iviHUul jHjrBlstont, 
Wo BOO, then, that Mam hna wliula na o\ir earth ha*. 
DoubtlcBB Ills Lmdo-windB are U*»ti mnrkod limn inin», 
becauBO bia aurftwo rolatca Icm rapidly Uian tlu» earth’*, 
IviB globe being much ainallor, while hi* rotaUon-pcrlod 
1 h Bllghtly grontor. But bo ha* loss noetl for lrad6» 
winda, hlB ocoaiii being mo mucli low exloimlro tlian 
ourB. No ColmnbiiB on Mara Im* ever noodorl Uio 
porBlBtont breath of easterly wind* to onootirago him 
on his voyage to an undlBoovored eonlinont. llaUaor, 
tho Intrlcnto navigation of Uio narrow Martian noM 
would bo favoured by variable bneoao*. But Urn 
great imrpoBBs whiolr the oirouktlon of onr oum 
ntmoaphoro uubsorvog are »ub«rvo«l effltsienUy out 
yonder on Mara. Tho elr i« ohsanwil and purifl»:l, 
ItB tlkormal and olcotrioal condition* ore r^latod, 
olouda are wafted from pinoe to plaeo) and, In floe, 
the utmoRphoro i* rendered (It for all th 
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for whioh, liko our own, it hae doubtloKH boon 
cr nil 1(1(1, 

Wg may tra«o yot furthei*, liovvovor, fcho rcHuUu 
wliioli follow from tho existouoo of aqiiooua vapour 
in tho atinosphoro of Mutb, Wo hoo tho polar snows 
in tho Martian win tor and diminishing in 
tho Martian summer, And wo know that, on our own 
eartli, tho inorouso and tho diminution of tho polar 
snowfl are procoRBoa intimutoly nRsodated with the 
formation and inaintonanoo of tlio oooanio oiroiilation, 
Doubtlosa much yot remains to bo done boforo tluit 
syatom of oiroiilation will bo fully understood. The 
rival views wliioh have beou maintained by Sir John 
Ilersolicl and Captain Maury have served to throw a 
certain air of doiilifc oven' tho theory of ocean cumnitsj 
Ihit wlKjtlior wo asoribo tho equatorial ourronts of our 
oceans to tlio tnuh^-windn, with Ilorsohel, or to difCer- 
ericea* of sjamifto gravity, witli Maury, wo sec that, in 
the first place, both causea opomto lii the oaso of 

‘ If Hoi«oliol ha« oomplololy ovoitliiowri Maary'a tlioory, tlinfc 
onrnsutH arc altogolbor duo to dlffovunoou of «neoiflo fr^avlty^ Halt- 
IJI'HH, lUJcl HO on, Mrvuiy lirva iii lomit bflou iia In overthrow¬ 

ing nerHohoFfl tlioory, that tho ouiTonta aro duo to tlio tnido-wiudK. 
A tlioory more probahlo than olUier Ib, I think, that oocordlug to 
wliioh Uio whole Bystom of oiroulalloii 1» nob In motion by tho oon- 
Uinial ovnpovftUon Koing on In equatorial flons. TIuih, by a prooosH 
toHOinbling hucLIou, an lu.dmuglitof oold water Is oawNod, and UiIh 
water coming from lilgher latitudes, wlioro tha oiuth'H oastwardly 
inollun la loHSp to lower lalltiKUiH, wliero fcho eaBbwnidly irioblou ia 
greater, produces tho rolatlvcjty oold and wentwmdly ocpudorlul 
ourronlH which exist In tUo Atlunilo, Indian, and Paolllo Oemum, 
Itecont roHoarohoH Into fcho toinpuratnro of kiio deep Boa have tended 
Blreiigly to condrm thoBo vlow«^ wldoh I dealt with at soino longUi 
In tho Hooond volume of my * Light Bolonoo for Loiourc Hourfl.' 

n a 



100 


OTHBR WORLDS THAN OURS, 


and secondly, that the submarine return-currents froi’f'- 
our polar regions must, at any rate, be due to 
presence of ice in the polar seas. So that undoubtedly 
the Martian oceans, so far as their peculiar conform a-- 
tion will permit, are traversed by ourrents in vario^is 
directions and at various depths. 

Then, lastly, there must be rivers on Mars. 
clouds which often hide from our view the larger* pnrfc 
of a Martian continent indicate a rainfall at least, rtft 
considerable (in iiroportion) as that which we have on 
the earth. The water thus precipitated on the Mar 
continents can find its way no other wise to the oointti 


than along river courses. 

As to the nature of these rivers, again, we may fox'io 
conjectures founded on trustworthy analogies, '.rim 
mere existence of continents and oceans on Mars pxro v oa 
the action of forces of upheaval and of depresBioti» 
There must be volcanic eruptions and earthq^u-rxlc tra 
modelling and remodelling the crast of Mars. XlwiH 
there must be mountains and hills, valleys and ravinea, 
watersheds and watercourses. All the various kiirdu 
of scenery which make our earth so beautiful havo tlu! i r 


representatives in the ruddy planet. The river coxi r k o b 
to the ocean, by cataract and lake, here urging its wtxy 


impetuously over rooks and boulders, there glitliHj-f 
with stately flow along its more level reaches. 
rivulet speeds to the river, the brook to the rivulet, i tiicl 
from the mountain recesses hurst forth the refroaliiMf? 


springs which are to feed the Martian brooklets. 
Who can doubt what the lesson is that all 



101 


AiAliS, Tub MINIATUMB of OUB BARTH. 

things are meant to teach us? So far, let it be re¬ 
membered, we have been guided onwards by no specu¬ 
lative fancies, but simply by sober reasoning. But 
shall we recognise in Mars all that makes our own 
world BO well fitted to our wants—land and water, 
mountain and valley, cloud and sunshine, rain and ice 
and snow, rivers and lakes, ooean-currenta and wind- 
currents—without believing further in the existence, 
either now, or in the past, or in the future, of many 
forms of life ? Surely, if it is rashly speculative to form 
such an opinion respecting this charming planet, it is 
to speoulate still more rashly to assert that Mara is 
not, has never been, and never will be, tenanted by 
living creatures, or by any beings belonging to other 
than the lowest orders of animated existenoe. 
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CHAPTEll V. 

JUPITER, THE GIANT OF THE SOLAR SYSTEM. 

Passing over the zone of asteroids, we come now "Lo 
the noblest of all tho planets—the giant Jupiter. 
bulk is to be the measure of a planet’s fitness to 
the abode of living creatures, then must Jupiter bo i "* 
habited by the most favoured races existing throiif^lt-- 
outthe Avhole range of the solar system. ExeeutliiijR 
our earth some 1,230 times in volume, and more til 
300 times in mass, this mngniflcent orb was ligUiily 
selected by Brewster as tho crowning proof of Llio 
relative insignificance of tho earth in tho scalo of 
creation. 

Or if wo estimate Jupiter rather by tho forcoH in¬ 
herent in his system, if we contemplate tho enorm< >viH 
rapidity with which his vast bulk whirls round vij^xin 
its axis, or trace tho stately motion with whioli 
sweeps onward on his orbit, or measure tho inllvum*ieH 
by which ho sways his noble family of satellites, wd ivro 
equally impressed with tho fooling that hero wo liivvts 
the prince of all tho planets, tlio orb which, of all otlini*« 
in the solar scheme, suggests to us conceptions of fclio 
noblest forms of life. 
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Tliti very Hymint>(.iy inul porfuotioti of ilu> HyHtoui 
ivhidh oirolnH round Jupitor Imvo Iml many to Indiovc 
llml. lio muHfc ho inliidiitnd l)y riiiuiH HUporior in intolli- 
to liny wliioli poojdo our wirtli, Tlio motiouH of 
th(wi) liodioH nlVord, iiuhiod, to our UHtronoiuora «, noblo 
Hulijoot of Htudy. Our nionl. niuiiumk umtlionuifcioiuuH 
liiivo givoii many liouiri of atudy to tlio phonoiiKuia 
wliioli Mio four inooiiH priiHoiit to tlio torroHfcrjnl oh- 
Horvor. Hut wo <*1111 tnua) only Mio gononil movomontH 
of Uio mitoUit(!H of JupiUir, Tlioir minor diHtuvbiiiiooH, 
(lio (dVoiilH of tlio varying iiilltionooH wliioli tlio huh and 
Juiiiior ox(ut upon tlioni, and which tlio mooua oxort 
upon oucli titlior, inuHt tax the powora of lur ahlor 
mat hound iciaiiK <ivoii tliaiihowlio ‘aurpaHHod tliowliolo 
huiimu race iu nionlal graap.* 

Hut ahor all, wo iniiat jitdgo of .hipitov riithcr 
nwordiiig lo Iho oviiloiico wo have, and tho niiulogioa 
which arc naial. dinicldy ajiplicaldo to tho (iami, than 
iiocoidirig to faiicioa auoh aa Ihiiao. Wo know tlial. tho 
nun, which aurpaanoii .lujiilia’ in weight and voJuino 
oven more tlain Jupilor aurpiutaoa tho oartli, ia yet 
not (ho uImmIo of life, ao that nioro ai/.o and nuiaa 
muHt not ho hold li> argue hahilahility. Wo know 
timf, many motoora and coiuota awoop through apuito 
inoro Hwiflly than tlio vaat hulk of Jupiter, ao that tho 
oiu’i'gitta indicnlifd hy nioro volocil.y of luotioii, whothor 
orhilal or rotational, muat ho laptally dianjgardod. 
Nor trinat wo forgot (hat., ugoa hoforo mon atucUiiii tho 
inolioiia of our own iiioou, alio proaonted Uiu uuuio 
uohlo Huhjoct of Htudy that alio forma iu our clay for 
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an Adams, a Levemer, or a Delaunay, Even now a 
thousand grand problems are presented to our men of 
Science which escape their notice, and we might aa 
reasonably argue that there must be creatures existing 
unperceived amongst us, who deal with these problems, 
as that, out yonder in space, thei’e must be beings who 
study the complicated motions of the Jovian satellites, 

Jupiter presents the following principal physical 
habitudes s— 

He has a diameter of about 86,000 miles, or nearly 
11 times aa large as the eartVs, a sui'faoe 116 times 
larger, and, as I have said, a volume more than 1,200 
times larger. Gravity at his surface is about two and 
a half times as great as on our earth’s, so that such 
creatures as exist around us would find their weight 
much more than doubled if they were removed to 
Jupiter, He lies more than five times farther from the 
sun than our earth, and the light and heat which he 
receives from that orb are reduced to about one-twenty- 
fifth of our supply. He rotates on his axis in rather less 
than ton hours (9 hours 66 minutes 26 seconds), so 
that the length of his day is considerably less than half 
of ours. His axis is nearly perpendicular to his orbit, 
BO that there are no appreciable seasonal changes as 
he sweeps round the sun in his long year of 4,332^ 
days. 

It will be convenient to consider, first, the probable 
influence of the great attractive power of Jupiter upon 
the dimensions of the various orders of living oreaturos 
existing upon his surface. 
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The grandeui’ of his orh naturally suggests, at first 
sight, the idea of beings far exceeding, both in might 
and bulk, those which live upon the earth. Old 
Wolfius was led to a similar conclusion in another 
way. I quote his quaint fancies as quaintly presented 
by Admiral Smyth. ^ Wolfius,’ says the genial sailor, 

* not only asserts that there are inhabitants in Jupiter, 
but also shows that they must necessarily bo much 
larger than those of the earth; in fact, that they are of 
the giant kind, and nearly fourteen feet high by e^/c- 
measui'ement. And thus he proves it. It is shown in 
optics that the pupil of the eye dilates and contracts 
according to the degree of light it encounters. Where¬ 
fore, since in Jupiter the sun’s meridian height is much 
weaker than on the earth, the pupil will need to be 
much more dilatable in the Jovian creature than in the 
terrestrial one. But the pupil is observed to have a 
constant proportion to the ball of the eye, and the ball 
of the eye to the rest of the body \ so that, in animals, 
the larger the pupil the larger the eye, and conse¬ 
quently the larger the body. Assuming that these 
conditions are unquestionable, he shows that Jupiter’s 
distance from the snn, comxmred with the earth’s, is as 
26 to 6 ; the intensity of the sun’s light in Jupiter is 
to its intensity on the earth in a duplicate ratio of 6 
to 20.’ The eyes of the Jovians and their dimensions 
generally must be correspondingly enlarged, and ^it 
therefore follows that even Goliath of Gath would have 
cut but a sorry figure among the natives of Jupiter. 
That is, supposing the Philistine’s altitude to be some- 
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where between eight feet and eleven, according as w-n 
lean to Bishop Cumberland’s calculation, or the Vatioim 
copy of the Septuagint. Now, Wolfius proves tlitJ 
size of the inhabitants of Jupiter to be the same « h 
that of Og, king of Bashau, whose iron camp-bed 
nine cubits in length and four in breadth—or ratlitM' 
he shows, in the way stated, the ordinary altitinU' 
of the Jovicolro to be Paris feet, anil Mu* 

height of Og to have been 13|« o feet. See his Worlc«, 
voL iii. p. 438/ 

This exact determination of the dimensions of iTovuti i 
men would be very pleasing and satisfactory woro it- 
not that another line of argument guides us at least ivh 
conclusively to a very different view* If we are tcT 
assume that beings resembling men in all attrilnil <?H 
except size actually exist on Jupiter, wo might claim foi* 
these beings the power of moving from place to p1acst> 
as freely as we do, with quite as much reason ixB 
Wolfius claimed for them the same powers of vision 
that we possess* Proceeding according to this view,. 
W6 are led to the conclusion that the Jovioolm 
pygmies about two and a half feet, on the average, i 11 
height. For we know that a man removed to Jupitcu* 
would weigh about two and a half times as much as 
does on our own earth, He would thus be oppresHtul 
with a burden equivalent to half as much again as hi+i 
own weight. This would render life itself an iuBUj[>— 
portable burden; and we have to inquire what difforonijo 
of size would suffice to make a Jove-mau as active ii» 
our terrestrial men. Now, the weight of bodies similuvly 
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proportioned varies as fcbe third power of the height; 
for example, a body twice as high as another—in other 
respects similar—will be eight times as heavy. But 
the muscular power of animals varies as the cross 
section of corresponding muscles, or obviously as the 
square of the linear dimensions; so that of two animals 
similarly constituted, but one twice as high as the 
other, the larger would be four times the more power¬ 
ful* He would weigh, however, eight times as much 
as the other. He would therefore be only half as 
active. Similarly, an animal three times as high as 
another of similar build, would be only one-third as 
active; and so on for all such relations. Now, since a 
terrestrial man removed to Jupiter would bo two and 
a half times as heavy as on the earth, it follows, ob¬ 
viously, that a man on Jupiter proportioned like our 
terrestrial men would be as active as they are, if 
his height were to theirs as one to two and a half. 
Hence, setting six feet as the maximum ordinary 
height of men on the earth, we see that the tallest and 
handsomest of the Jovicolco can be but about two and 
a half feet in height, if only our 'prowAssee are connect. 
Thus Tom Thumb and other little follows, if removed 
to Juinter, might be wondered at for their enormous 
height, and eagerly sought after by any Carlylian 
l^redorioks who may be forming grenadier corps out 
yonder. 

One line of argument having thus led us to regard 
the Jovicolco as Ogs of Bashan, while another equally 
plausible has reduced their dlmensiohs to those of our 



io8 ommi n onius thas ovns, 

hvo-yoarw>M (jhililirUi wn inuy fuitly tonrhuht WwA 

tluH melhod of Ik lulljMdnMK. Wt* inn f iiui 

lUOUHUVO (;ll« inlm)jilau(H nf nllinr whiMi 

to fchn (jnMCOpiionH by Ww baiint *.r hU* wn 

iiKUUKpiainbul wilh tijinu Wn muA a»bni« fb^ 

piJHHibilily Ibut urnin|n»iiii»nlH innlilbmaU fiMia flo-.M 

vva urn fiiiiiiliar wilh inUha nf ibn iinirri, 

iH from IImt (if mini may bn prnfi»*Nfvil anint Ihnitilm 
wlnohoimln mniul Mm aiim II warn uuwii.f*, um ibmblj 
lo f{ivo fVctn unopn In npMiailulinii wlann wn Inivp^ in 
Irulh, m nwnwn nf fni niiiif; im niiininm Wn nrril nni, 
iniiijjfhmj iiM linjiio liavn tiniu'i, Ibnl. Mim ihlr>it'ilnnl'M>f 
Jupilar arn babwiiifp tl/ nr, wilh nlla rn, Mlial liny 

av« illVninmln ihuirriii,' Ni»r, In bibn fhn nf 

innrn ronpcnlaliln auflnniltniJ, in'i d wn inju r 'lulb ♦^nr 
Ituiiipbvy Duvy lliul (Im !*tiflli^N nf elm jMvi.mn?) 
nniiipofuiil nf MnumnnnH riPiivnlniioM^ •♦f hilin?^ imnn 
aimln)(nuH in I bn Iruiik nf I bn ninpbuni I Inin nnylliiMi-j 
olmi^} with Wbmvi'll, Ibul Ibnyarn pnl|fY, rpditiinanc 
ornaturifis liviii)' in a ili aual wmbt i»f wahn anJ im nilh 
a oinil(*ry uunlnuaj imr Inmlly, uilli lirn fhn 

Jnviini may liavn biM Minmn in Hubininuran » 
waniuMl liynnnhal HifN, nr in i ry^ial by 

oonuu tidna, or iimy lb»af wilh flm Nriri»U Ibn 

d(a«p, nr nioniil- npnn wiioja a« ra|fb nr riin^ i\w 
pininiiH nf tlm ilnvn, (bat, bn may (b n nwav and W at 
roHl/^ (a/o). Ho anmi aa \v»* pivn a ibOinitn fnriti In Itm 
ootKM^pliniiH Uiul lliniiMiigjiialinn, finn frnintim 
of oxauf* luiowlnil^n^i fraimoi rnipnnliii^ (bn iMlmVoianM Pif 
oUinr wnrlila, wn bninli at niinn nn (bn (br 
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hideous, or the ridiculous*^ It is sufficient to recog¬ 
nise tlie probability, or rather the certainty, that the 
beings of other worlds are very different from any we 
are acquainted with, without endeavouring to give 
shape and form to fancies that have no foundation in 
fact. 

We may regard it as probable, however, that living 
creatures in Jupiter, if any exist, are built generally 
on a much smaller scale than those which people our 
eaith. Trees, plants, and the vegetable world gene¬ 
rally, must also, one would imagine, be very differently 
constituted from those we are familiar with. It is 
well known that the motion of the vegetable juices is 
in part regulated by the force of gravity, and therefore 
it must be admitted that the structure of terrestrial 
plants is in part dependent upon the value of gravita¬ 
tion at the earth^s surface. Whewell, in his ‘ Bridge- 
water Treatise * on the astronomical evidence of design 
in creation, lays great stress on this relation, pointing 
out, if I remember aright, that all vegetation would be 

* It may bo worth while to gather a lesson from this oiroum- 
fltanco. Wo know that ovoiy form of life is replete with ovidonoos 
of adapt ation (no matter how seoured) to the conditions which sar- 
ronnd it. Now man, with all hla knowledge of these adaptations, 
so soon aa ho posses the hound ary of the known, pictures to himself 
all manner of unnatural and impoasiblo forms of oxistoiico. Even 
the unknown parts of our own earth have been peopled ere now, in 
Imagination, with ‘men whoso heads do grow hononth their shoul¬ 
ders,’ and other similarly incongmous boiiigs. It ia more exouaablQ, 
perhaps, that an anatomically impossible struoturo should have boon 
assigned to nngols: (the ohorubim have been oven morounfortunato)! 
while SatiLD, who * gooth about us a roaring lion,’ has hod the prin- 
olpal attributes of a class of Ihminantia assigned to him. 
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(loMfcrnyod ah (niro if hlu-n^ vowM HUtlilnily takf^ 
finy rnarlcod in flin rn^^h^^ uMvai*h‘v** 

If thiH viow IH (!i)rn‘(d, ih in rfitain lliut of nnr 

plimtH oonid hlirivn nu Mio rudl of dupilfn', 

Tho your of dtipiior dilToni in n nntiOi inoio hii living; 
mamu'V Hum tlml: of '^hm frorniMir lovir^hiu) your. 
It couHintH of Hourly twfdvo itmdi yoinu uh ohiu» jai (h.if 
tho jM^riod oonnHpoiMliHif io oho of onr itru?:outi hoifii 
nearly bhroo yoani, and a Joviim inoidli in in urly i ^poil 
to ono of onr torroHlrial yearn. Ho han, loi\vr*vrr, im 
muiHOHH in our Honno of Hio wtad, ainoo Ida ripod^r in 
inolinod but litUonniVo limn Ihreo depreen In Inn oHol. 
ThuH a porpofcnal Hprinj{ roi|{iia all over Ida ant luia*. 

But boforo wo promaal l<i form a Idpb opiuinn tif 
tho plunotV (anidilion nndor tho inllitoiiro f»f UdM per 
potnul Hpving, lol- n« dlHlinrlly niobuidaiiol wlml (lio 
worda nu*an. Tho word * hprin/i; * hnn u j.p'idiil { ••nml fo 
ourHolvoH, bo(muHo wo anfiooiulf^ il with flail wbirh in 
(loinirundy tho ph*aMaiiloiit port ion of onr year j bni il 
Jk jiiHt pmmiblo ilint tho prr)Md.nal nprio^; ifd|pdfp^ ovrr 
Jnpilor, thon/(h iloubtlonn well inhi|»ti'd to Ho* wantM 
of Ida inhuhilanlH, leadn to a Hlido of f Idnip* liueli ua \vf» 
might not Ibid allo/pdlu^r ho agrerable, 

It Ima heeu Huid that Mm the raya of Hie mni fall 
pi^rpondiaiilarly on iho lioriy of (he piano!» and ahvay i 
continuo to do ho, tho heal inmd bo nn nearly nn p^m^ 
mbio iKiuid at all l iineK of I hi' yt-ar, a pm enniid 
HUimnorj IhiK in a hlrilnng ilir<)ilay <if Inoiepionl 
lumngtmnmU But, wo Klionhl Im i’anlioim in adopt irg 
thirt iihhIo of iirgmnmd. If JnjdlerV great dftlonee 
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from the sun is compensated for by this peculiar dia*- 
position of his axis^ and we are to admire tlie bene¬ 
ficence thus displayed, are we therefore to find male¬ 
ficence in the fact that Saturn, Uranus, and Neptune 
have been otherwise dealt with, though, being farther 
from the sun, they have greater need than Jupiter of 
some special arrangement of the sort ? It seems safer 
to consider the consequences which Sow from the ar¬ 
rangement without any special reference to its purpose, 
lest, in our over-anxiety to recognise beneficence in the 
treatment of one woi'ld, we should adopt a mode of 
reasoning which leads to the direct conclusion that 
other worlds have been ill-treated. 

The great peculiarity resulting from the arrange¬ 
ment in question—the only peculiarity, in fact, of 
which we can speak with any confidence—consists in 
this, tliat everywhere on Jupiter day and night are of 
equal length. It is in this sense only that perpetual 
spring—or perpetual autumn, if we please—reigns on 
the giant planet. The different latitudes of Jupitei^ 
have olimatcfl differing quite as much as those found 
in different latitudes on our own earth* At the equa¬ 
tor the Bun passes every day nearly to the point over¬ 
head. At the poles the sun seems to glide along tlie 
horizon, rising in the east, passing round—-always near 
the horizon—towards the south, and thence to his 
setting-place in the west. In intermediate latitudes 
the Bun passes to a southerly elevation, which is greater 
or less according as the ifiace is nearer to or farther 
from Jupiter*8 equator. It follows that there is a 
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onii:ii nuntuhs rii.is iitms. 


iruirkiiil I'i'hvi'i’U lilt' imh t ipiulniiiil und iIm' 

Hul)-i)(ilnr n'fjit'iiH in .(iipilt'i-, wliil.- Ii. lwr.-u 
(rioilH (ivcry iulfl'liinlinlti flinmlo in !<• !"• 

Owin;; In iit|>iilily <'i .Itii'ii'-i’H ri'Milioitj lln' 
molitm Ilf Uni Him in llm .Inviim flty nim.l In' iimi h 
jnoni rtiiiilily iliMi'i'inil'l" nml nn’U"ui.ilil<' lliun tlmt v,ilti 
wliioh llio Him liiiimiii In iiuiiH iii'Hit"! "iir nwii h. iiv. ipi. 
Ho l.inviTHi'H (Im whiiln iii'mii'ir<>!*', fi"iii tli" lu iim 
tn tlm wtiHlniii Iniriziin, in l.wn miiinfi !i Ii hh Ilmu livn 
litumi, tiriilitml nix iIi'civi'H in li'U mimitn;!. 'I’Iiim I'.ir- 
roHiioinlrt In tv mnllon llirimi;li n l■>|lllll (*• Ilm mui‘» 
(liimmliir (uH wn l•l‘ll liiin) in llily i("r"n'li>. uml imii f 
liii rmiilily iliHi'iirnilil'', nvi ii In llm iiii)»i*li 'l vtii.m ,if 
llio Joviinlin, nnli'iiti lliiiir t'yi'iiij;lil i« itiii"h iiifi iit.r In 
(lurH. Tim Hiimllm'HH nf llm nun, mi i;< i'n I'loiu .liijiil.-r, 
nniHfc holp In ii'iiiii'V llm nmlinn nmn' ii>uv. |iiil'lc. Hn 
IirommlH In llmiii im ii|ii'!iri'nl. (liiimi'l* r niily i junl In 
nlionl nim-lifili nf llml. vvilli wliifli \ve> in* liim, lltui 
in Inii HCt’niiilH lin Himnnl In |i!«'irt nviT u f<|iiiil In 

liiu own tlmtimlnr. 

',1'lin ntlmi' imliiiiliiil litiilli'ti uvn alli'i’li-il with niinilur 
jnoUnnK iiH KiM'U finm Uf > lln>M' iH i n 

iiiiiiv tins linli'H nf liiti lii’iivi’iiti iM imt iclalivi'ly nl 
Olio nf tlmHo |inlt*}i lit'H in llm IidiiJI nf llm I'nmil'dliiiliim 
Dnmo; (ho nllmr linn nln II by llm lir< !tl»'r Minjnllnuio 
Olinul) wllit'h imiHl, Jiii'in'iil u m;»}.;nilli r<n| l yimnun In 
liho itilmhiltmlH nf llm miiillmin hi'))iir.|tln m nf llm 
plunolj. Tim I'nnlriiHt. In lwi'r’ii llm ii|4 a'll i- hn sit nl llm 
jinlivr III lU'-ffinnim iiml llm Kwift im.iioiiti id iln' ciiiirt' 
toriiil (!(inHli)lluliniiH nmi'l l«i inijum'xivn imh i d. Tlmut 
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cqualorial groups are no other than our old friends 
the zodiacal constellations. As seen by the inhabitants 
of Jupiter, they rise with a perceptible but stately 
motion above the eastern horizon, pass to their cul- 
niinatioB on the southern meridian, and so to their 
Botting-placo in the west—exhibiting the same splen¬ 
dours which the terrestrial astronomer delights to gaze 
upon, enhanced by the peculiar impressions of active 
power suggested by visible and obvious motion. 

It may seem, at first sight, that the presence of the 
Jovian satelliteB must tend to dim the splendour of the 
sidereal heavens. Our own moon, despite the beauti¬ 
ful passage * in which Homer has described the calm 
l)(jauty of a jnoonlit niglit, certainly detracts largely 
from tho magnificoneo of the star-groups 5 and as at 
times there must be four moons visible above tho 
liorizon of tho Joviiins, it might seem that all but tho 
hriglitor stars would be quite obliterated. Tho first 
moon must appear somewhat larger than our own ; tho 
m^xt IniB an apparent diameter rather more tlian half 
as largf 5 as tliat of our moon; tlie third (I’oally the 
largest) appears about as large as tho second | and tho 
fourth has an appiiront diamotor equal to about a 
quarter of our moon’s. Thus, in all, they cover a 
apace on tho sky more than half as largo again us that 
wMoh our moon covors. Hut, in reality, they cannot 

^ lloinor muBt not bo hold roBiioiwlblo for Poiio’s mnn/.ing do- 
Borlpllonp wldoh, stmngoly ononght hna found nn ardonb admirer in 
ono of owr host modern bbaorvors. Koinor did, liowovor, montlon 
rw a olnuraotoriallo of tho moonlit sky, that ♦ all tho Btarn shino,* 0 
proof that somotlmos, oh Tfovaeo tollH «h, tho groat nniator nodded, 

I 
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havo nnni'Iy ko innrUad iiii ttlVnid. in tiiiiiiiiiii|r tlit< lii>,lri« 
of l;ho hIuvh. For il. iiiiinl. iiol, ho fiiifjodou lliul llicy 
Hliinn only liy vollooliii/f Iho miii’n mid (lint, ho 

ilhiniinuioH (lioiit hut fiiiiiUy in o<iiii|i!inV:on with Iho 
light, ho iiouiH Ilium onr own moon. In oiVcol, imj. 
poHiiig thoir volloolivo oiiimoilioH oinnil (o Iho moon'. , 
tlioy muHli apiioiir lomi luilliiint Minii iho doon, In ilio 
imuiortion of uhoul oiiolol wonl.y-livoj mol, roinhiiiiiij; 
thin roHiilt with Mio iihovo roliilion, it, follown ilnit ovi n 
if limy itouliliill ho ‘ full’ logoi hor, I hoy oonld lioml hi 
fclio .foviiniH hut iihoiit oiio iiixIoouMi |mit of Iho lighl 
wo mmivo from llm full moon, lint, mi n malioi ..f 
fnot, limy <•11111101 all ho full togolhor. 'rim moii..mi „t 
tlm iiinor tliroo iiro ho l'l•lllll•<l Ihul, lltniigh I lo ro io 
nolhingto provoul, Ihom finm hoiug till viidlilo logo, 
thor,' yot wlioii ho viHihIo, oim only otui ho full. Tiio 
fourth may ho full at Iho huiuo (imo, or in fm l niuy 
1)0 iiHHtim'atod with Mm ollmr (liroo in any way, tiinro iht 
motioiiH aro not houmi up with llo'ini mi (hoiiH mo 
inlm' 

Kvon now, Imwovor, wo havo not r.imht d a full 
OHtinmto of tlm oxtont of Mm iniiilalm whioh llm.o 
iiBtrouonu!r« havo luiulo who Hpoalt of Mm H]i!oiiilonr 
witli whiiih tho Hutollitoti of .Inpitor ilinminidit hi'i 
HkioH. Wlmn at that, part of tlmir oihilrt wlo ro Ho y 
would othorwiHO lio full, Dm tliroo iniior inoiimi ttr>‘ 
ttlwuyH (KdipHoil j and tlmiigli llm fourth, hy roiiNon of 

’ Or all IiivIhIIiIo Idfoitlior. I,nri]iit<r iii.ni'ti.i dm oitiii„tv. iim* 
WI111I1I hiuiatiiii 1 h> hull iiiivor mii'ii nil itm iiii.i>|iit it.^.i.ilmr ••a llm 
nniiiu dlihi iit iTiijiiiur. 
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its great distance,' somefcimea escapes eolipse, yet more 
frequently it is obscured like the others. The two 
inner satellites are eclipsed for upwards of two hours, 
and as they occupy hut a few hours in completing 
their circuit round the sky,^ it will bo seen, how 
largely this relation detracts from their light-supplying 
powers. 

Wo see, then, that those writers have been mis¬ 
taken who allege that the great distance of Jupiter 
from the sun is compensated by the number of his 
moons, and the quantity of light they reflect towards 
him. So far is this from being the case that, under 
the most favourable circumstances, they can supply 
during the Jovian night but about one-twentieth part 
of the light with which the full moon' illuminates our 
nootuvnal skies. The poetical descriptions which ima¬ 
ginative writers liave indulged in, respecting the splen¬ 
dour of the scene presented by these satellites, will not 
bear the dry light of numerical estimation. That the 
satellite-system of Jupiter subserves, or may hereafter 
subserve, important functions need not bo questioned; 
but that we can recognise them ns created for any 
special purpose may ho assuredly denied. 

Perhaps, if one wore able to discuss with advantage 
the special purposes which this or that portion of the 

’ Not on nooount of tho Inollimtion of Hb orbit boing largo, na 
\m boon EioBortcd. Tha orbit of this satolllto la, indoocl, losa in- 
oil nod than tho orbits of tho others, 

^ Moving in a direction contrary to that duo to tho rotation of 
Jupllor, they of oourao remain longer abovo tho hoiton than tho 
i\ni, or limn tho oqvmtoiial ilxod stars, 
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univrn’KO ih inh'iidrd (,n nul>.'{(»vvi\ it nii/^hl 1 >m ar^Kni'il 
Mint tli(^ ouf.cn* jilanidn luivt^ ^;n'ah r m ril of naioiiH 
tlmn iJui iniHn', iK'nuuu*, tlndr yt iw lumj* r, rln rr 

ift gimi.or iHuniHinn fnr <>hj< rtfi whnsi* ntuiiiuia liludi 
Horvo iiH inniHurnH af lima. Tim aiiilalHlvn nf Jn|dh'i 
flupply) hy ilmir «a|ijiniila mnliim!i, mnvauinnf iui’;i»iiirii 
of i.ho Hliorl(tr tinm i!iinrviitn; whila, liy lln iv 
Hiv(‘ (joiijniHtlioius (i.) in [mini, ( ii.) Ilm (Inn^ iiim t 
to/(a(.lmr, anil (iii.) Ilm niilm* willi [linvii nf tin* inm r, 
l;li (7 alTonl {‘onvariiani. inamnnrft urinn^trr iniri vnlM. 

Hut Ink UK tuni from vji|jun ifiimijfan mt* li u MIm na 
l;o Um noiiHiilnralion of IhoHi* farhi wlui li avv ai fn.diy 
[inmnul nd to nur nolirn. 

ll(!m)giiiHinj:( tim nsiiilmri^ of varied nlimutio raho 
tiouH in dilVorouk iiuriH of .hipilrr, wo havo now f*i 
coiiHidm^ tint nlimato of Ilm pluiml. ^pumrallyp lo non* 
t<nu|ila(i5 (ho poHiliou of [Ida y/rnl orb itt I bo ladm 
KyHl.nin, and to dolormiim Im»\v far ila jpvaf diidium** 
from tho mn may Im nomimmadnl by olio r I'ldafiomi. 

Tlmro can Im no doubt lliul. Mm amuuid of In al 
pounid l)y tlm mill mi any jmriimi of itu|ii(ri a Mofm ** 
placed pnrpnndinnlarly with voHpocI lo Ilm In ;d layH, 
niunt 1)0 very mucli Iohh Miuit l)m muount roocdvid 
by an oquid portion of miv nar(b*H Hurfimo similarly 
Bituatod, Tho dirnnk Imaliug ollVrfa of ilm muu miol 
in fact, aK already Hintndi bn Iohh mi dupilor Mian on 
our own (airtli, in Mm proporMon of about one in 
twonty-fivo. And Ifc emunnt )»o doubtnd Mini Mm 
offoctB of (Itirt dilfnrmicn muHt bn Id^fldy iinjtoirfnnl^ 
wlmtovnr oirmmmlancoH may nompmoadn for Mm dr*- 
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fioieucy of keafc. If wts can demonstrate in any way 
that the mean temperature of the Jovian atmosphere 
is equal to that of our own air, or even greater, yet the 
difference of the sun^s dhect heat involves a variety of 
consequences which we cannot disregai'd. 

We know, for instance, that it is principally the 
direct heat of the sun that causes the evaporation 
of water from the surface of oceans, seas, lakes, and 
rivers, and therefore all the important consequences 
which flow from the presence of aqueous vapour in 
large quantities in the eartVs atmosphere. We can 
conceive the existence of vapours in the air which 
might keep away from the earth’s surface the greater 
portion of the sun’s heat, and yet, preventing the 
escape of the remainder by radiation into space, 
might leave the general warmth of the air around us 
as great as it is at present. But it cannot be doubted 
that such an oi’rangement would injuriously affeot the 
whole economy of evaporation and its consequences, 
winds, rains, clouds, mist, with ilieiw consequences, so 
important to teirestrial races. 

And in like manner other effects accruing from the 
direct action of the solar rays might be considered. 

It follows, then, that it is by no means auflioient to 
show how the heat whioh falls upon Jupiter may be 
stored up, through the action of some component of 
his atmosphere in preventing its radiation into space. 
It is, indeed, of the utmost Importance to know that 
even this is possible, because we oi’e thus enabled to 
see that Jupiter is not necessarily an abode so bleak 
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and desolate as some widters have imagined. In tlu'' 
following passage, Professor Tyndall has exhibited tUf* 
means by which this result may be brought aboiil j 
and the inhabitants of the noblest planet in the Holiti' 
system placed somewhat higher in the scale of crea¬ 
tion than Whewell surmised. * In these oalculatioiiK,* 
he remarked, referring to Whewell’s estimate of tht‘ 
sun’s heating power on Jupiter and the other exterior 
planets, ‘ the influence of an atmospheric envolopo wu« 
overlooked, and this omission vitiated the entire argu¬ 
ment. It is perfectly possible to find an atmosphoro 
which would act the part of a harh to the solar rayn> 
permitting their entrance towards the planet, but pro¬ 
venting their withdrawal. For example, a layer of 
air, two inches in thickness, and saturated with tlus 
vapour of sulphurio ether, would offer very little re¬ 
sistance to the passage of the ether rays, but I iiud 
that it would cut off fully thirty-five per cent, of tho 
planetary radiation. It would require no inordinntt* 
thickening of the layer of vapour to double this ab¬ 
sorption } and it is perfectly evident that with a pro¬ 
tecting envelope of this kind, permitting tho heat to 
enter but preventing its escape, a comfortable toin- 
perature might be obtained on the surface of our 
most distant planet.’ The difference between such 
an arrangement as this and the way in which Uu*. 
earth’s temperature is obtained is the exact converwfs 
of that dealt with when we were consideiung the ousu 
of Mercury and Venus. Precisely as the mean toiu- 
perature of the atmosphere of either of the interior 
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pliinets may be no higher than that of our own air, 
while yet the sun’s direct rays continue wholly un¬ 
bearable, 80 the outer planets may have a perfectly 
comfortable temperature, while yet that direct solar 
heat which exerts so many important influences on the 
earth must bo supplied only in quantities which we 
should find wholly inadequate for our wants. 

I am far from desiring to infer that Jupiter may not 
hereafter be uninhabited, or even that creatures then 
existing on his surface must necessarily differ wholly 
in their nature from any with which we are familiar. 
But I think that while, on the one hand, we must 
reject one of the chief arguments by which Whewell 
was led to people Jupiter with cartilaginous and gluti¬ 
nous creatures floating in boundless oceans, so, on the 
other, wo cannot accept without question the argument 
by which an effort has been made to indicate the pos¬ 
sibility of a close correspondence between Jupiter’s 
climate and our earth’s. 

And here we are led to the most interesting and 
suggestive of all the relations exhibited by Jupiter, or 
rather to three closely associated relations which lead 
to views of a somewhat startling character. 

In common with the other lai-ge planets lying out¬ 
side the zone of the asteroids, Jupiter has a mean 
density falling very far short of the mean density 
of the earth or the other small planets which travel 
within that zone. According to the best estimates of 
his mass and apparent diameter, his mean density 
would seem to be rather less than one-fourth of the 
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earth’s, or greater than the density of water by abont 
one-third. It is worthy of remarlc, in fact, that bin 
density is alnaost exactly the. same as the sun’s, ai»l 
considerably greater than that of the other three outer 
planets hitherto discovered. 

If 176 were quite certain that the disc measured by 
us exhibits the real outline of the planet, or that luH 
atmosphere is not of abnormal extent, and that bin 
globe is solid throughout, it would follow that tlio 
substances composing Jupiter are either altogether 
different from those forming our earth, or that they 
are combined in very different proportions. On the 
last point we can form no opinion. On the first ivc? 
must be guided by the appearance of the planet. 

^ Thus we are led to the second of the three relation h 
just mentioned—the appearance of well-marked but 
variable belts on the planets, and of other indicationa 
existence of an atmosphere of great 

The belts of Jupiter are commonly arranged with ii 
certain «jmmetry on either side of the great equatorial 
bright belt, but sometimes there is a rather marked 
contrast between the northern and southern halvos 
of the planet. In colour the dark belts are usually— 
when seen with suitable telescopic power >-of a cop- 

higl raglSrSw Su«htfh “ “gW-gathering as 

Whoa tLo is Soq,2lv ““ importanoo. 
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pery, ruddy, or even purplish tint, while the inter¬ 
mediate light bands vary from a pearly white in the 
eqxiatorial belt, through yellowish-white in the middle 
latitudes of both hemispheres, to a greyish or even 
bluish tint at the poles. The picture of Jupiter which 
forms the frontispiece, while exhibiting many of the 
features usually seen, is intended specially to illustrate 
relations presently to be dealt with. 

There is every reason to believe that these belts 
indicate the existence of a very extensive vapour-laden 
atmosphere. The dark belts must not bo considered as 
the true cloud-belts, because it must be remembered 
that we look upon the reverse side of the skyscape 
presented during the day to the Jovians: so that where 
they see densely compacted dark clouds, wo see the 
light which those clouds have intercepted 5 and, on the 
other hand, where they see clear spaces, the light 
which reaches them is not reflected to us without a 
considerable loss of brilliancy. Thus the dark belts of 
Jupiter are those regions where—if at all—we see the 
true surface of the planet. 

Now, viewing the belts in this light, have we any 
means of judging from thoir aspect what is the extent 
of the planet’s atmosphiji-e ? So far as I know, the 
question has never been considered, but it is well 
worthy of careful study. 

It scorns clear, in the first place, that if the bright 
bolts really are cloud-bolts, and the dark belts the surface 


poamneo o£ colour Ims boon apoolnlly dwelt upon have boon w». 
col veil from obflorvora who have used roHootora. 



122 


omm WOItJLDS TMAN OUJtS. 


of the planet, then on the edge of the plauet’B diso ^ ** 
ought to see some irregularity of level—the cloxid-b«l 
projecting slightly beyond the real outline of the 
—if the atmosphere have that enormous extent 
some astronomers have supposed* Whether such 
appearance has ever been looked for I do not 
but it has certainly never yet been detected. 

We are led to conclude, then, that either the 
sphere of Jupiter is not sufficiently extensive to ini 
fere appreciably with our measurement of the pUincs t/H 
bulk, or else the dark belts belong but to a lower cloLitl** 
layer, not to the planet^s real surface. 

We have further evidence on this point in the 
pearance of dark spots on the dusky belts. These 
have ever been described as black, though surely tlicii^ 
appearing of that hue must be ascribed to the effoofc of 
contrast. Now these dark spots, which have been aooi* 
by Cassini, Madler, Schwabe, and others, may be 
garded as the real surface of the planet (unless fclioy 
belong to a yet deeper cloud-layer), seen for a 
through openings in the cloud-bed to which the diirtl<y 
belts belong. The reader will not fail to notice hero 
some resemblance to what has been already mention 
respecting the sun-spots; and when we come to l>lio 
third and most striking of the associated features I t\i tx 
now dealing with, it will be seen that there may l>o 
more in the analogy than one might at first sight Ijo 
disposed to imagine. 

How far the appearance of small round white 
on tho dark belts may be considered aa indicative <if 
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the extent and constitution of the Jovian atmosplier it 
is not very easy to determine. That they are dense 
clouds, hanging suspended above the dusky cloud-layer, 
must be admitted as highly probable, but it is open to 
question whether they have formed there in the same 
way that cirrus clouds are seen to form at a great 
elevation above a layer of cumulus clouds, or whether 
they indicate the action of volcanoes beneath the dusky 
layer, propelling enormous streams of vapour through 
the superincumbent oloud-beda, 

ITie third point on which I have to dwell is the 
variability of the belt-system, under which head I 
include not only variations in shape and extent, but 
those much more significant changes of colour which 
have been recently discovered. 

So far as is yet known, there is no recognisable law 
in the changes of shape exhibited by the belts of Jupiter 
—no periodicity or intelligible sequence. It may be 
suggested, in passing, that a systematic and persieteni 
scrutiny of the planet might lead to the discovery 
of laws of this sort, which could not fail to indicate 
physical conclusions of the utmost importance, Nay, 
further, since we cannot doubt that the condition of the 
veal surface of Jupiter is in some sort reflected, so to 
speak, in the aspect of his cloud-envelopes, it seems 
far from unlikely that a scrutiny of this sort might 
tell us where his oceans and continents, where his 
deserts, lakes, or rivers, are situated, even though no 
direct evidence of their existence might ever reward 
the observer. In these days, however, nine-ten the of 
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those who are fortunate enough to possosH fine tolu- 
seopes prefer either to Leave them idle, or to en^ploy 
their powers in making observations, at great pains and 
labour, which are not worth the paper on whioh tlu^y 
are recorded. The few original observers wo luivo aro 
overtasked hy the multitude of questions of interimnfc 
presented to their consideration s so that many 8ul)jeot» 
of inquiry must perforce wait, either till tlmir ivurn 
arrives, or till those who have the means of fltudyinf^ 
them choose to turn their thoughts from the storilo suli- 
jeots they are now engaged upon. 

So far, then, as inquiries have as yot boon pusluidj 
all that can be assorted on the subject we aro conskhn'- 
ing is, that the planet's belts vary greatly in form, ex¬ 
tent, and general appearance. At one time tlio dualcy 
belts cover a largo proportion of the planet's disc, ab 
another they are singularly narrow. Now they aro very 
regularly disposed, now they seem in Bomo way multisr 
the action of disturbing forces of grout intouHity* 
causing them to assume the most irregular llgure. Thr^ 
accompanying picture of the planet (fig. 1), as Hocn l>y 
Mr. Browning with one of his own refleotors, indioat<m 
an appearance not uncommonly seen, a dark strualc 
extending obliquely across the planet’s e(]uatorial re¬ 
gions. The number of bolts is singularly variablis-* 
Sometimes only one has been seen, at otliors tlinri^ 
have been as many as five or six on each side of tVio 
planet's equator. In the course of a single hour CuHaiii i 
saw a complete new belt form ou the planet} and on 
December 13 , 1690 , two well-marked belts vaniHlititl 
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completely, while a third had almost disappeared in the 
same short interval of time. 

The storm-tossed aspect of the planet is well shown 
in the characteristic drawing by Mr. De la Eiie, which 
forms the frontispiece. 

Blit if we seem to recognise here the action of forces 
much more intense than those which influence the con- 



Fig. 1. Tho Planet Jupiter (Browning), 


ditions of the earth’s atmosphere, we have still more 
striking evidence to the same purpose in the changes 
of colour which have recently been detected in the 
great equatorial belt. This belt is usually of a pearly 
white tint, and has long been recognised as one of the 
moat constant features of the planet’s aspect* As the 
mean surface of this belt cannot be less than a fifth oi 
tho whole surface of the planet, it is clear that any 
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changes which may take place in its general aspect 
cannot but be of the utmost significance. Now, during 
the autumn of 1869 and the spring of 1870, this belt 
was more strongly coloured than any pai*t of the 
planet. Mr. Browning, observing Jupiter in the earlier 
part of the above-named interval, found the equatorial 
belt of a greenish-yellow coloui', which deepened in 
October 1869 to a full oohreish yellow, and in January 
1870 had assumed an even darker tint, resembling 
yellow ochre. On one occasion, and on one only, he 
detected this tint in the first bright belt north of tire 
equator. While thus exhibiting strongly marked and 
changing colour's, the equatorial belt had lost its right 
to be called, pcvr excdlence, the bright belt of tiro 
planet, being considerably inferior in bi'illiancy to tiro 
narrow bright belts north and south of it. 

Other observers have also seen these colours. Mr. 
Slack, with a 6-mch Browning-With reflector, and Mr. 
Brindley, with an 8i-inclr telescope of the same con¬ 
struction, have witnessed most of the changes of colour 
above described ; and I myself, using Mr. Browning’w 
12^-inch telescope, found the greenish-yellow tint of 
the equatorial belt in the autumn of 1869 altogether 
rrnmistakable. 

In the phenomena here described we have a problem 
whose interpretation is far from easy. Changes in tho 
shape, disposition, and extent of the dark belts arc 
sufficiently intelligible when we associate them, as wo 
seem justified in doing, with variations in the position 
of the currents which traverse the vaporous envelope 
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of Jupiter as the trades and counter-trades traverse 
the earth^s atmosphere. But the equatorial zone is 
Jupiter’s belt of calms, resembling in this respect the 
equatorial region, called by sailors the ^doldrums’; and 
though occasional storms might be expected to agitate 
this region, yet processes of change continuing for 
several months in succession can evidently not be 
attributed to any such cause. We are taught by the 
progress of recent research to regard the colour of 
the light derived from any source as a relation of the 
most instructive character; and changes of coloiu, 
especially changes affecting so enormous a body as 
Jupiter, and so extensive a proportion of his surface, 
cannot but be looked upon as highly significant. Sup¬ 
posing we regard the ordinarily white light of the 
equatorial belt as indicative of the existence of 
enormous masses of cloud, reflecting ordinary solar 
light to us, then we should have to regard the appear¬ 
ance of any other colour over this region as an indica¬ 
tion that these cloud-masses had been, through some 
unknown cause, either wholly or in part swept away. 
But—passing over the objection that this view leaves 
our difficulty unexplained—even if we assumed that in 
this way a portion of the surface of Jupiter had been 
brought into view, wholly or partially, why should this 
surface not exhibit a constant appeaiunce ? We cannot 
suppose changes affecting Jupiter’s real surface are 
taking place with sufficient rapidity to explain the 
series of strange colour-changes observed by Messrs. 
Browning, Slack, and other astronomers. Bxrtif, on the 
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other hand, we asaume that a portion of the light ordi¬ 
narily received from the bright belt is inherent—that 
is, that the planet is, to some extent, self-luminoitfl, 
then there remains the difficulty of explaining by what 
conceivable processes the equatorial regions are filled 
with a yellow light, so full and bright as to reach our 
earth from beyond four hundred millions of miles. 

But I have spoken of the three relations last con¬ 
sidered—the small density of Jupiter, his extensivo 
atmosphere, and the changes which take place in tlio 
shape and colour of his belts—as associated phenomeim. 
It remains that I should endeavour to justify this 
statement. 

We know that Whewell, reasoning from the low 
specific gravity of Jupiter, was led to the conclusion 
that either the substance of the planet is wholly watery 
or else a few cinders in the centre of Jupiter’s globo 
constitute the only solid portion of his substance. It 
need hardly be said that the whole progress of modovn 
astronomy is opposed to this view. We have soon 
that in the sun the same elements exist as in the earth j 
and in Mars, the only planet whose nature we have been 
able to examine satisfactorily, we find evidence of tho 
existence of the same forms of matter that we scm 
around us. It cannot hut be held as highly impro-* 
bable that tho earth is the only member of the planetiiry 
system whose substance thus closely resembles that of 
the parent orbj nor is it likely that Mars is the only 
planet whose general atmospheric constitution resera- 
hies the earth’s. Far more probably the lesson wo 
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are really to learu from these circumstances, ia that 
throughout the solar system a general similarity of 
constitution exists, the sun being, so to speak, the 
type of the family over which he rules. Differences 
of condition we are compelled to recognise, since the 
sun itself, though constituted of the same elements as 
the earth, ig in bo different a state, and has a mean 
density relatively so small; but we have no evidence 
justifying us in believing that any important differences 
of constitution exist throughout the solar system. 

Thus we are led to regard the singulmfy small 
density of Jupiter, and of the other planets outside the 
orbits of the asteroids, as due rather to some peculiarity 
in the condition of these orbs than to any such pecu¬ 
liarity of structure as Whewell insisted on. It will 
be seen at once that Jupiter’s extensive atmospheric 
envelope, and the strange changes in the aspect of his 
belts, are circumstances which tend strikingly to confirm 
this impression, Lot it be remembered that, supposing 
Jupiter*8 globe even to be wholly covered with water, 
yet a sun twenty-five times further off than onrs could 
not by any possibility load the planet^s atmosphere 
with the enormous masses of vapour actually present 
in it. Let it be remembered, further, that the relatively 
sluggish action of the sun upon Jupiter could not by 
any possibility give rise to atmospheric disturbances so 
tremendous as those which are indicated by the rapid 
changes of figure of his cloud-hands.* When to this 

‘ It is worthy of oonsidoratlon, also, that ovou though tho sim 
AOtcd tia oflloiciitly ii|)oii tho air and oceans of Juj.itor (assumed to 
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we add thn roliitlvG mimitoiiieHfi of tlio 
on Jupitftr> wo hog at onoo tluit uuIohh hohu^ 
cauao than solar iKjtion worn at worlc, Ju|ul.or’o al- 
mosphoro ouglit to bo very much oiilinor tlnin t.b** 
oartlds, 

Thoro ifl yob annthor oivonmRlnnoe in tho oondil in»i 
of dupitov’s boltft wluoh oppOHOH ilaiolf in 11 very h( riltiint 
(I might ovou miy albogobUor eoiiviiuang) infunn^i' 
against the holiof that tho bolta of Jupiter 
by tlio Hun^a uctiou, Tho troim^al oloud-znixi of tbii 
oiivtli not only vavio« in position with tho h(hihoiio 
passing conmdevubly to tho north of tho eqnah^r in 
HUinmor, and oonahhivably to tlio Houtli in winter, \ntl 
it is in truth iv region of midday < 3 loudinoss, nob *»f 
general oloudhnm Ah roapootH tho fornujv r(da(ion 
wo ean lenivn little from Jupiter’s uHpeot, luMiauHo 
iiiolinatlon la ho Hinnll that tho annual away of lih< 
oquatovial zone would bo oxeoitdingly Hiriall also, auil 
might well roniain undoteotod. Ihit uh tlui hall a \*f 
Hatnni munt 1)0 rogaidod aa well aa thoa(^ (d'Jupilor iu 
forjning an opinion on Hio Rulij(i<di wo avo upon, iiiul «« 
the oluof bright bolt of Hutura,(h»Hpita tlio eonsidomUlii 

lioftlmllar to ourmvn), yot ftlmowpliorlo dhtuibaiioos (dno ehUoij* 
no wo know, to thoHo two foriiiH, o£ notion) oouM tint noHHllily )n% 
vlolonb ovoa na on our own onrlh, wlnoo ofUTOhiJoiKltna IuIIiImI* t 
Ju][iltor (Uinli ia, roj^ions wlioro oorroHponillng oirooU w«miM Int 
ox])orl(incwl) aro fiuiHuatocl byUiHlunooH so very numb greater* H 
ia olcnr lliat If along a cor tain mim o£ a planet Uto huh 
a oorlaln amount oC liiftuoiKU), wlillo along anotlior lio ^ 

(Ita'ovonb InOuonco, tlio rcHuU of tho dliroroncij, lookoil lat -a 
Q\\ ym of atmOHghorio (llatiirhanuu, muBt bo ainnilor iia tlm 
i)otwoon tho xonuM Js grcaior* 
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inoliuntion of the plnncst’B equator, I’emnino tlnoiiiqliouli 
tlio year [Hii-Hiatently e<[ua(:orial, wo iiiiiy oonoludo that 
the Satuniiiiu liolfcH—and [)reHuniably, theroforo, thoao 
of Jupiter alao—avo not miu-raihdil. To auppoHo that 
tlio Him would hiivo powor to riUHO belta of (douda, and 
yet that lie would not have power to ciuiho them to 
follow him aH ho puHHea far to tho north iiiid to the Kouth 
of tho Hatuniiim otiuator in tho long Saturnian yiaiv of 
twonty-nino torreHtrial ycurH, BcoinH uiireuHonaldo in 
tho oxtromo. It is, however, from tho Hoeond relation 
tliat tho most direct argument is dorivod in tho ciiho of 
Jupiter. In tho Intitudo of tho torrotitrial cloud-zone 
tho Bun riflos in a clear aky; shortly before noon tho 
sky has become ovoreaHt, and BtoruiH of rain and thun¬ 
der continuo until tho afternoon is well advaneed, after 
which tho eloudfl pass away and tho Him HotH—iiH ho 
had risen—in a clear sky. Now wo know (|uite cer¬ 
tainly that nothing of this sort happoiiH in tho ciiho of 
Jupiter; for wo 800 Iuh equatorial bright holt Htrotohing 
right alhwnvt his diso;—that in, not only oovering tho 
ceutro of tho diflo, whoro it is noon on the planet, hut 
extending to tlio edgo on either side, or to phieoH wher<i 
tho Him is riniiig and sotting. There Heeiim no ewMipo 
from tho eomiluHioii that tlio holt ia wholly ilillVireut in 
oharactov from our torreHtrial olond-belt- -that, in fuot, 
it iH not Hitn-raiHcd at all. 

It Booma to Hio that thoao ooiiBidoraUoiiH point with 
tolorahlo oleaninHH to tho conohiHion that, within tho 
orb which proaontH bo glorious an tiBpnot upon our 
akioH, procoHHCH of di«turbauuo iimst bo nt work wholly 
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different from any taking place on our own earth. Tl i 
enormous atmospheric envelope is loaded with vfij u 
ous masses by some influence exerted from 
its level. Those disturbances which take placo 
frequently and so rapidly are signs of the ao(4<»»‘ 
of forces enormously exceeding those which 
sun can by any possibility exert upon so distairh 
globe. And if analogy is to be our guide, and 
are to judge of the condition of Jupiter accord in/-» 
to what we know or guess of the past condition of 1-1 * 

earth and the present condition of the sun, wo 
led to the conclusion that Jupiter is still a glowiviK 
mass, fluid probably throughout, still bubbling 
seething with the intensity of the primteval 
sending up continually enormous masses of clond 14 ^ 
be gathered into bands under the influence of tho h wi ft- 
rotation of the giant planet. No otherwise, ivtt il' 
seems to me, can one explain the intense vitality, i f 1 
may use the expression, of a planet circumstanccnl 
Jupiter is. No otherwise can one understand wh(iii<rt^ 
his atmosphere is loaded with vapour-masses pvliciHti 
contents must exceed, on a moderate computation, i i.ll 
the oceans on the surface of this earth. When wti hcm 
masses so enormous swayed by influences of Hiioli 
energy that intermediate belts thousands of mihiH in 
width are closed up in a single hour,* when wo rtj«c»|^'~ 

* Even if wo take the disappearanoo of a dark bolt to ho 
fco the formation of olouds, Nvliioh is perhaps more pvobaiilo iTuin 
that tho clouds of nelghbomiug bolts have oloRcd iut tU« 
roprosentod by tlio oliange ai-e novertlicloss tremondous. 
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nise the tremendous character of the motions which 
fiom beyond four hundred millions of miles are dis¬ 
tinctly cognisable by our telescopes, we see that ^Ye 
have no ordinary phenomena to deal with, and that the 
theory we adopt for their explanation cannot be other¬ 
wise than strilciug and surprising* 

If the view which I have here put forward—or 
rather, the view to which I have been led by a careful 
consideration of the phenomena which Jupiter presents 
to our contemplation—be indeed correct, we must of 
course dismiss the idea that the giant planet is at pre¬ 
sent a fit abode for living creatures. Yet need we not 
turn from his system with the thought that here at least 
our hopes of recognising other worlds have been dis¬ 
appointed, If Jupiter be still in a sense a sun, not in¬ 
deed resplendent like the great centre of the planetary 
scheme, but still a source of heat, is there not excellent 
reason for believing that the system which circles around 
him consists of four worlds where life—even such forms 
of liie as we are familiar with^—may still exist ? Those 
four orbs, which our telescopes reveal to us as tiny 
points of light, are in reality globes which may be 
compared with the four worlds that circle nearest to 
the sun, I have shown that they cannot subserve the 
purpose which many astronomers have ascribed to them, 
of compensating Jupiter for the small amount of 
light he receives, even if they could bo seen from any 
point of his cloud-encompassed surface. So that, even 
adopting the commonplace and superficial view that the 
purpose of any object may be regarded as ascertained 
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^vlien WG have been able to ask (without any obvioti*^ 
answer) what other purpose it ocm subserve, we 
ai’e led to the belief that the satellites of Jupiter 
be the abode of life, since on this view, and on til’ll*^ 
view only, we find a rahon d^St/i^e both for the pliuio^ 
and for the system which circles round him. 

There are no considerations which appear direobly 
opposed to the view that Jupiter is in a senso 
sun, It need hardly be said that I do not reg«iX*<i 
him as being in the same condition as the oentv^xl 
luminary of the jplanetary system. If he is an int^ivTi- 
descent body, the greater part of his light is voiU^cl 
by the oloud-envelopes which suiTound him. 
solar clouds are, as we know, themselves luminoiiB i 
those of Jui)iter are not so—a circumstance wliioJx 
indicates that the heat of Jupiter is not suflioLOixt 
to vaporise those substances which are incandQsaoixl> 
when in the liquid state. The outer layer of o1oi‘l<1b 
must, therefore, be regarded as for the most pjivfc 
aqueous. We see there^ in fact, the future oceans of 
Jupiter, if the hypothesis I am now dealing with Ixo 
correct. 

That Jupiter may supply an immense amount of 
heat to hia satellites (on this view of his condition) in 
perfectly clear, since the amount of light he omitB 1 b 
no adequate measure of the amount of obscure liofvt 
which radiates from him to the four worlds aroiiiid 
him. When we consider the enormous apparent bI&^o 
ol Jupiter as seen from his satellites, we recognise txfc 
once Jiow large a supply of heat he is capable of 
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mitting to them. From the outermost satellite his 
apparent diameter exceeds that of the sun (as seen 
by us) some eightfold, and his apparent size, therefore, 
exceeds the sun^s more than sixty-fold. From the 
innermost he is seen with a diameter nearly forty times 
that of the sun, and with an apparent area more than 
1,400 times as large as his! 

We have evidence, however, which renders it far 
from improbable that Jupiter may emit some small 
proportion of light. I have already referred to the 
singular excess of his brilliancy over that duo to hia 
size and his distance from the sun and from us. Tho 
estimates of Zollner, the eminent photometriciaii, serve 
to show, nob indeed that Jupiter sends more light to 
us than ho receives from the sun, but that he sends 
much more light than a planet of eq^ual size, and, oon- 
stituted like Mars, the moon, or tho earth, could pos¬ 
sibly reflect to us if placed where Jupiter is. Whereas 
Mars reflects but one-fourth of the light he receives, 
Jupiter reflects more than three-fifths. Tho moon 
sends less than a fifth; Saturn, Jupiter’s brother giant, 
more than a half. Tho late Professor Q-. Bond, of 
America, actually calculated that Jupiter sends forth 
more light than he receives. Whether hia observations 
or the more sy sterna tie observations of tho German as¬ 
tronomer are accepted, wo see that unless wo adopt 
some such hypothesis as I have dealt with above, we 
must recognise a marked differonee between the rela¬ 
tive lighWeflooting capacities of the two largest planets 
of the system, and those of Mai‘s or the moon. In 
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fact, from other researches of Dr. Zollner’s, it follow^ 
that if Jupiter does not shine in part by native light, hiB 
surface must possess reflective powers nearly equal to 
those of white paper. Now this would scarcely bo 
credible, even though under the telescope the planot’e 
surface were found to be uniformly white; but as wo 
find a large proportion of it to bo of a dull coppery 
hue, we seem forced to admit that it cannot really 
have an average reflective power nearly so great 
that calculated by Zollner. It follows, as at leaflfc 
highly probable, that Jupiter shines in part by bin 
own light; and this being admitted, we cannot but 
regard it ns highly probable that the real globe of tlio 
planet must be intensely hot. 

It may seem, at first sight, that the aj)parent black¬ 
ness of the satellites’ shadows, as seen on the disc of 
Jupiter, is wholly opposed to the view that any portion 
of his light is native. But as a matter of fact there 
is no force at all in this consideration, or rather, whai>- 
ever weight we may attach to the observed appeamnco 
of the satellites* shadows is in favour of the sti’ango 
theory hero put forward. For it has been a subject of 
remark among the most experienced observers, that tx 
satellite in transit will occasionally appear as dark as 
its shadow, both seeming black. The blackness, then, 
is only apparent, and an efifeot of contrast. In reality, 
if such observations as I have mentioned are to bo 
trusted (and I know no reason for disregarding them), 
the shadow of a satellite is not black, and theroforo 
there seems no escape from the conclusion that tho 
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Burfaob on which they are projected ia partially self- 
luminous* 

A stronger argument against the belief that Jupiter 
is aelf-luminoua lies in the fact that the satellites 
disai^pear in hia shadow. It must he remembered, 
however, that in any case we can assign but a small 
proportion of inherent light to Jupiter, and that his 
satellites w^ould therefore, in any case, lose so large a 
proportion of their light when jiassing into his shadow 
that we might expect them to disappear, even under 
the closest telescopic scrutiny* 

One of the most suiprising phenomena ever wit¬ 
nessed by the telescopist seems to me to afford even 
stronger evidence than any yet adduced* I refer to 
the closervation made by Admiral Smyth, that on one 
occasion the second satellite of Jupiter, twelve minutes 
after entering on the disc of the planet, was seen owt- 
Bide the Umh^ ^ where it remained four minutes, and 
then suddenly vanished.^ Two other equally competent 
observers, Maclear and Pearson, witnessed the same 
phenomenon. ‘ Here/ says Webb, ^ explanation is set 
at defiance/ But it is precisely where explanation 
seems set at defiance that we have reason to be moat 
hopeful of gaining instruction. The observation is 
very startling, it is true ; and the exx:)laBation may be 
expected to be also surprising. But I think it is not 
far to seek. The satellite cannot have retraced its 
course j Jupiter cannot have shifted his place; our 
atmosphere cannot be in question; all these explana¬ 
tions being eliminated, our task is rendered easier 
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instead of more diflSciilt A change in Jupiter’s ol on dl- 
laden atmosphere, corresponding to that which I 
presently have to exhibit as explaining Saturn’s ooc¬ 
casional assumption of the square-shouldered a8poot;> 
will obviously account for the phenomenon. It is woH 
known that the acute observer Schroter occasionally 
suspected an apparent flattening of portions of Jupitor^s 
outline, but the suspicion had been regarded 
erroneous. We find, however, in the observation now 
in question, effective confirmation of that long-doiibtecS 
observation of Schroter’s, If we consider the matter 
rightly, this observation, made simultaneously Iby 
Smyth, Maolear, and Pearson, renders that view ivll 
but certain which hitherto I have presented only as t\ 
highly probable hypothesis. 

Although I have already far exceeded the limifcfJ I 
had proposed to myself for the consideration of thin 
noble planet, it is with regret that I take leave of liiiri 
to pass onward to the outermost bounds of the BoU^r 
system. I would fain dwell even longer than I liavo 
on a subject of contemplation at once so interestini^ 
and so instructive, Jupiter, the centre of a noble ayH- 
tem of worlds, or Jupiter, himself a world inhabited by 
beings as high perhaps in the scale of creation as Ixo 
himself is in the scheme of the planets, is alike tx 
worthy subject of study. The more one dwells on tlxo 
features he presents, the more one is impressed wiClx 
the sense of the grandeur of his position in the univei’so. 
One who has not gazed hour after hour on the glorioH 
of the giant planet, gathering fresh delight as'featuro 
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after featoe is revealed beneath his scrutiny, may 
disregard the grand lesson which the heavens are 
always teaching* But the astronomer, imbued with 
the sense of beauty and perfection which each fresh 
hour of world-study instils more deeply into his soul, 
reads a nobler lesson in the skies. The music which 
reaches his ears may be fitful, but it is not ^ as sweet 
bells jangled out of tune and harsh*; he may not 
master its full meaning, though every note thrill 
through his inmost soul; but even when its sounds are 
least distinct, they ore full of mystical solemnity* lu 
fine, the true astronomer may say with the Pythago 
rean, though in another sense,— 

Tlioro’s nob one orb wbioli tbon behold^sb 
Bub in bis motion llko an angol sings, 

Still qulring bo bbo young-oyod oliorubim; 

But wbilo this muddy vostiiro of decay 
Doth grossly close us in, wo cannot hoar it, 
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OIIArTKU VJ, 

H/VrnilN, Tllli HlNiiKn \VfH(U), 

Tk iTnpihn* by bin <iuinniniHli)p| |in>pitifiini!} ulinhlfi t\ 
Ibnnbb) iU7piiiH)nl> H|.>;aiiuiMhn vinw lliu{. mir finy r^ulh 
iH (bo only rojtl world in llio nolnr ^yithnn, Hulinii {OijM 
plioH im ar/piOMiiil. of jirjimoly iiiTriior Mlnntpdb in tlm 
wiiijinlurly complox obnnM’h’r of I bn of wbioli 

lio IH ibo otnilrvo. No om onn (‘onit'ioplalo (bifi;|loiimiH 
pbuutt, an hIiowu by a (oli'tioopo of iidiapiulo p.nvt r, 
wilboult boia/j iinpn^j^Krd by I lot ronvii’l ion (buf lo^ in 
joolviii/r al* IL world idio/.(«^lh(a* nioio iin)itahinf in fbi^ 
Holionio of <?roiUiou Minvi Ibo <‘H wbiolt \vi* livi'. 

Whol-hor ho r(aH»|riiiHon in f bo po ^oid- <'niidilioii n\' fbo 
plivnot (Ju^ roHidi, of Uio nrtiou <»f luwa winidi liavo for 
VUHl; p(a’iodK roignod (broii;fl( fbo nnivorja% or whollo r 
bo profoi’K l.lio vinw llmf Huliirn and liiHayoloin avo ur oo 
now iiH ihoy won^ funbionod id. (bn lio;»h»ninn by 
Alini/ifliiy oroalivn band, bo ia idibn moav.«wl ul tlot 
(joniploxiiy of alriiolurn I'xliibilod in iJio (iionoMin wbioli 
ho irtf(ir/ing. llo niuy nol. bo abb% indmd, \u ap- 
prooiuto l.lio (run nhimiolorof tlin Hfo wnib wlib h Ibn 
varioiiH parlH of iJio Sidiniiian ayslian arc^ dc»in^^, or bn 
may, in a loo bimiy aMmnpl, to Hidvn Ibn inif'bf.y 
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problem, be led to erroneous conceptions j but that tbe 
great planet speaks of life, past, present, or to come, 
he cannot gravely question,* ^ 

In volume and mass Saturn is inferior to Jupiter. 
Jupiter is 1,230 times, Saturn nql quite 700 times, as 
largo as the earth; and while Jdpiter outweighs her 
300 times, Saturn is scarcely 90 times as heavy as she 
is. Still Saturn is sufficiently large and massive to 
dwarf our earth to insignificance 5 and even Uranus 
and Neptune, though belonging to the family of the 
major planets, and giants compared with the earth, fall 
below Saturn far more than he does below Jupiter. 

Like Jupiter, Saturn rotates very rapidly on his 
axis, the length of his day being about 10 ^ of our 
hours. The materials of which Saturn is composed 
have a mean density not much greater than half that 
of Jupiter, or less than three-fourths of the mean 
density of water. In fact, Saturn’s mean density is 
specifically less than that of any known planet. It 
seems not impossible that wo have in this relation some 
indication of the true cause of that complexity of detail 
which the Saturnian system exhibits. 

The equator of Saturn is inclined about 28^ degrees 
to the plane in which the planet moves, so that his 
seasons (so far as they depend on this circumstance) 

• I know uotlilng bottor oaloulatod to load mon to ohooao as¬ 
tronomy ns thoir favourite subject of study than tbo oontomplatlon 
of the Batunilnn system. I can well romombor tbo sensations 
with wbloh I saw the ringed plnnet for tbo first time. I look on 
tlmt view ns my introduction to tbo most fascinating of all tbs 
ftoltinocH 
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oloBoly roHoinblo in olmruoti'r Ui(in(\ of (lio |tliuio(. Miijh, 
IIo otiflupioB alioufc 2!)J- youiH in (Micliiii; om-i* iduml 
bho Him ; blim, i lim'drnni, in <]io loti/r|}i of dm •Siiliintiiiii 
yoar. Ilia diHlamm from Mm hiui in iiomly iwioo dm(. 
of Jujator, 1111(1 Hourly bon l inioM limb of Mit> oiirlh ; ko 
bliab bim iiinonnb of lij'Iib imd lioal widoli any ]iiirlioni>r 
Ids Huvfnoo romnvoH from llm min in uhnuf pi^ pml df 
tluib roooivod by n Hlinilar ]torblon of blio ohiHi’h nnifaco, 
Ilia ovbib boing Honiowlial. oooonirio, liowovi'r, blioro 
ia a coiiHidornblo varlnl ion in blda r<m]ioo|. dnrin;; dm 
conrao of a Hai.nvniiin your, iiiKoimmli l imb wlion ho ia 
noavoab i:o llm atni hu roooivoa inoro lif'lib limn wimn in 
apliolion, in tlm iiropovbion of nbonl. (i l,o4i 

Moab of blio ridabioim wliioh Imvo lo bo ooniddori'd 
in diaouHaing bho Imbibabilily of Suinrn Imvi' licmi 
alrondy doalb wibli (nndor vary Hiinilar oondiliomt) in 
broabing of abhor planolH; an limb 1 jiro|mMo to toiioh 
on bhoin vory ligliMy, in ardor to ooino nmro iiniclily 
bo bhoao oivoumHliuKU'K wliioli dialiiignioh Salniii njn*-* 
oially among bho oblior inomhorH of bho mdar oytilmo. 

Qraviby ab hia (!(|iialar la aliiioiil, tfxaolly r<|iml lo 
gravlbyab bho oarbli’a mirfimo. Noar bho [mloa I horn 
ia a miirlcod hion-UHO in Mm aobioii of .Mabnridim gravily, 
inaomuoli bhat a body woighing 10 iioiiiuIm iib bia otjna- 
bor would wolgh aboiil. 11 ! imniiilH ab oiblo'r judo, 'I’horo 
ia nobbing, liowovor, in thia imouliarily wldoh nmal ho 
Hpooially dwell) uptm. 

Tho hmgbh of tlm Haliiridmi yoar, and bho anmlt 
quaubity of Itglib and boat ro(!i’ivi*d from bho miii, ara 
Biinply moro mavkod iiiMlanooH of whnb hna alromly 
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been considered in the case of Jupiter. We may con¬ 
clude with some confidence that these relations are 
quite sufficient to render Saturn wholly uninhabitable 
by such creatures as exist upon the earth; but there 
seems no reason for supposing that (so far as these 
relations alone are concerned) the planet may not he 
the' abode of living beings as high in the scale of 
creation as any which live upon oiir globe. 

Thus viewing Saturn, we cannot regard even the 
exceptional efifects produced by his ring-system as of 
themselves sufficient to banish life from his surface. 
These effects are not without interest, however, and 
as they have been made the subject of some discus¬ 
sion, I think it well to make a few remarks upon 
them. 

I apprehend that when Sir John Herschel said 
that the rings occasion an eclipse of nearly fifteen years 
in duration, first to the northern and then to the 
southern hemisphere of the planet, he meant simply 
that during an interval of such length a large portion of 
either hemisphere was in shadow. He knew perfectly 
well that long after the edge of the ring has been 
turned directly towards the sun, a very large propor¬ 
tion of the hemisphere over which the ring^s shadow 
proceeds to sweep remains illuminated. It had always 
seemed to me, therefore, altogether a mistake on the 
part of Dr. Lardner to interpret Herschers words as 
though implying that a whole hemisphere of the planet 
is eclipsed for fifteen years in succession. 

So misinterpreting the expression used by Sir John 
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Herscholj Dr, Lardner, in his desire to show that 
such relation existed^ was led into real mistakes 
as a sounder mathematician would not have maclo* 
He examined the relations presented by the ring* 
a gwaisi-mathematical but inexact manner^ and 
to the following conclusion—Hhat by the 
motions of the heavens produced by the diurnal 
tion of Saturn, the celestial objects, including the axxx^ 
and the eight satellites, are not carried parallel to tlii 
edges of the rings j that they are moved so as to 
alternately from side to side of these edges; tlmfc^ 
general, such objeets as pass under the rings ai'e oiilj'" 
occulted by them for short intervals before and 
after their meridional culmination; that althon/gli> 
under some rare and exceptional eircumstanoes and 
conditions, certain objeets—the sun being among tlio 
number—are occulted from rising to setting, the 
durance of these phenomena is not suoh as has be on 
supposed, and the places of their occurrence are fVvx* 
more limited/ All these statements are more or 1 <ihk 
incorrect, and most of them are the direct reverses of 
the truth. The seven inner satellites of Saturn stai itl 
iu an altogether different relation with respect to til 
rings from all other celestial objects, since they travol 
in the same plane and in circles concentric with tlio 
outlines of the rings: they can no more be ocoulbod 
by the rings, therefore, than an outer ring can Ills 
occulted by an inner one* So far is it, again, froxti 
being true that the sun is in general only occulted for 
a short time before and after culmination, that tlio 
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more common case (considering the whole planet) is 
for the Bun to be eclipsed (if at all) throughout the 
whole of the Saturnian day; and a very common case, 
left altogether unnoticed by Dr. Lardner, is that the 
Bun is occulted in the forenoon and afternoon, but free 
from eclipse in the middle of the day* Nor is it tine 
that the places where the sun can be totally eclipsed 
throughout the day are limited to a relatively small 
portion of the planet, since every part of the planet 
whence the rings are visible at all has the sun eclipsed 
by the rings throughout the whole day for a longer or 
shorter succession of rotations. In the remaining or 
polar regions of the planet the sun is altogether absent 
for long intervals of time, for the same reason that he 
is absent from the skies of our polar regions during a 
comparatively short interval. As for the endurance 
of the total diurnal eclipses, it is only necessaryto 
remade that in the Saturnian latitude eon’esponding to 
that of London or Paris the sun is totally eclipsed for 
more than five years in succession, while in the lati¬ 
tude oorrespondiug to that of Madrid he is totally 
eclipsed for nearly seven years in succession. This 
suffices to show that an aiTangement which the in¬ 
habitants of earth would find wholly unendurable pre¬ 
vails over a very large proportion of Saturn’s surface,^ 

' I'ho vlowa liero expressed as to tho ofEcots ot tlio Satiimian 
rings are founded on oxaot mathomatical caloiilation^ of whicli the 
olomonts are given in my treatiao on Saturn. Tho problem ia not 
by any moans a dlflloult ono, and tho only way in which the orro- 
nooua views foimod by Pr. Lardnor can bo explained ia by con-* 
Bidoring that lio dealt with tho problem in a general instead of ewi 

L 
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Bnfc if wo conBiclor tho matter rightly, we fllmll **"» 
that this, after all, need not surpriso ns, since tlici «* * ** 
already in the enormous distance of Sahmi from (li*' 
sun tlio amplest rcjiaon for belioving that ho eiiiiii'** 
be inhabited by snob orontnros as exist upon tlm cm * 1*» 
It is in vain that by conooiving him to bo aurrovniil***^ 
by a dense atmosphero wo assign to him a tu«*:»** 
cliinato ns warm as that of tho earth. Tho want. 
direct solar heat still i-omains, and must bo rogiu «!*'»* 
as a fatal objection to tiu) Imbitabiliiy of Sntmii l»y 
races rcsombling those with which wo aro fainiliiir. 

In tho caso of Saturn as in tho case of Jupiter, I 
provision of satellites and of tho rings which ft>t'»*» 
so glorious an object to tho iistronomor on eav(;li if* 
nltogothor inadequate to iueveaso tho supply of lij'l**- 
received by tho Satimuans to any such extent as !»«»?* 
boon imagined. Those woll-moaning porsons 
insist on tbciv own interpretation of Deity’s dcsHi^'iiis 
are singularly successful in overlooking very ohvi< *ri»» 
difiiculticB. If tho design of tho rings, for inslan 
really wore to oomponsato tho Saturnians for tho stiiul I 
amount of light which ihoy receive from tho sun, if- 
would Buroly follow that thovo was a want of AviMflinu 
in tho selection of an arraugoment by wliich mom li^;}* I 
is kept away from Saturn than tho rings can possilily 

oxaot infinnorr 1 oowld not fcol any doubO an to tho nci-oiiruoy i * IF 
my rcmills, but I was not tholoas plcnacd to rooolvo a lot tot fr**?,*! 
Mr, Frcoinun, a follow of Bfc. Jolm'a Collcgo, Oambi’lOgOi KtuHint 
dmfc lio had obtained filmilav rosnlts, and laid constraotod 
on iho plan of Inblo XT. in my ^Biiturn/atul bo oloRoly ndCdrilSi^i^ 
with it m not to need soparato publication. 
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reflect to him. And, further, during the very season 
when the extra light derived from the rings is most 
irequired by the planet, that is, during the long nights 
of the Saturnian winter, they exhibit a dark band upon 
the heavens, concealing whole constellations from the 
view of the Saturnian people. As far as the satellites 
are concerned there is no corresponding difficulty. 
They undoubtedly reflect the sun’s light to Saturn, 
and if there really are intelligent beings on the planet, 
the satellites must undoubtedly present an interesting 
spectacle, especially when a lai'ge number of the moons 
are nearly full. But a little consideration will show 
that oven though all the satellites were full at the same 
time, the quantity of light they could send back to 
their primary would be wholly inadequate to com¬ 
pensate for the planet’s great distance from the sun. 
According to the best estimates of their magnitude, the 
eight satellites, taken in their order from their planet, 
cover spaces on the Saturnian heavens which bear to 
tho space covered by our moon the respective proper- 
tions of about 2, 1, l;h 

they cover an area about six times that of our moon; 
and as, owing to their groat distance from the sun, they 
aro illumined by only light which illu¬ 

minates our moon, they could only send back to the 
planet, if it were possible for them to be all full 
together, about -j^th part of the light we receive from 
the full moon. It will bo remembered that the light 
which would bo reflected from the Jovian moons, if they 
could be all full together, bears about the same propor- 
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tion to our ihochiVj. Wo m^oiii fon*o(J (<» tho Oiuirhisiou 
thafctlin »utolUltmw(U*(^ nnl. iiiloinlrd In Hiihf'n vn ony hih*]i 
( loBign uHlinH Ih'Oh imii/finod. Ili’vo, ns in ninny 
OiiHOS, tlui Hidioiiu^ of <jrrnlinu in nnl- nn nlivifiiin fi*, 
hurniin ronsoniiiff iih nonur lmv<^ oompliM’onl ly hup|mk:imI, 

jJub wo liavo now bo (nmnidor [Hniulinrilion wliii h 
HUggORt that Sntiirirn /y|olio has uni- yrl. ri :u‘linl n ron- 
(litiou libtin/( it to ho (Ih^ aJiM(h» nf liviipf rnsifmoH, 
ThcKO poonlinritioM roRoinhlo In fpi'af jun l flinm* whii h 
liavo boon alroa<ly nolhnnl in llu^ 0100 of .fnpih r, hul 
a oorlivhMnoatroiimrkablo |ilioiiornonoii lird*nppi io dm 
ringoil i)lniiot alono. 

Tho liolts of Matiirii roiunnblo nf Jupilm’ in 

tlioir goiunal almjjo (not* IlKHiroompanvinif l'la(o)auil 
uIro in tlioir (?olom% I’lnMlurk bi*if!i nonrfln^ mpinlor 
avo of a faint brown or nuldy tin'p% llio!*!’ m ar I ho pnb* 
bluinli or groouiah /(n7, whih^ tin? Inigbt boHa nin 
yollowiHh—tho oquatoiial bidt boing Ibo brighioal of 
alb alinoat wliib?, Tho polos am fwaniininly duHliy^ 
and ovtoi Hoinbv<i in huo. 

TlioboltH<tliaiigo in aapont ninoh aa tlnan'or ihipitor 
havo laam n})H(nv(Ml to do; mnl wind Inn'wr^ ictgard I ho 
oliango UR duo to Iho bodily Irunafonnioo of tln^ Indbi 
cloud or to tho prooipifaliou of (lunr nmrinial in (ho 
form of rain (while, (danwhons inviaibh? viiponni am 
condouKtal into olouda), wi^ artt tsaiiptdhal (o nojingniju? 
tlin action of forooK nlbigoilnn' oxoooiling tlio;;o whhdii 
tho Him can Ikj Hiippoiaal to oxnrt upon (hin di’^fant 
planot. Tlio ligid; Haul iu us from Saturn also bnurn 
H muoli gnndnr proportion to Iho amount of rolar light 
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HATUIIN, TUB BINCIIW IVOllLI). 

Uy riicoivod by tl»o idanofc than is obsorvod in 
of Mivvh or fclio' moon, and bo noiirly ap- 
jh(fH tha proportion noticed in tho cuao of Jnpitor 
loud to tlio Hiuno inioronce—namely, that ii portion 
iiturn’H lij'ht ie omitted from tho body of tho 
olt 

In iukIuIho iu tho Hinall denHity of 

(it, wo H(!(5I0 to r(!C0/rni»i5 ovidenco which pointB to 
irn aH probably a hcat-8un (if not to any very note- 
,by extent a light-Hun) to tho uatollitcB whuth cirolo 
md him, and not liiinHolf tho abode of living (a-oa- 
!H, -Without dwolliug further on evidence already 
y considered in the case of Jupiter, I turn to one 
die most Btviking facta in tho whole range of olmor- 
ioiial astronomy, aa anpplying at once now evidence 
[Uictiiig th<i condition of Baturn, and atrengthoiiing 
evidenco addiujed rtsapciiting Jnpitor. 

"if It can l)(t shown tliat Baturu’H globe ia subjeot to 
mgoB of lignvo perceptible oven uoroaB the euormona 
) which sepuratt^H him from tho earth, it will at once 
admitted that h«J can hardly bo regardesd aa a globe 
iiv(!nimitly babitalths. Now I have very little boHi- 
\on in Haying that ovnleneo of tho moat couchiHive 
ud exiata in favcnir of thia Htraiige mobility of liguve. 
will presently bo aecn that it ia with tlio oliaorva- 
msof no mere amateur aHlronomcra tlmt 1 hav(i to 
ml iu imdcmvom-ing to oatabliah aa a iaot that which 
w commonly boon apokon of oa an i11uaum-™tUo 
sumption by Baturn of Ida ao-ealbHl ‘B(|uin«- 
louldorcd’ liguro. 


OTUIiK jrO.WK/W TllAtf OVUfi. 


tso 

11, wan ill April iHOft tlml, Hir William llavnclml 
liiHfc callfil iil.taulion t,<i (liin |irimliavil,y. Tim 
wliioh liiul iilwiiyH priinoulnl l,i» him iiu i-llipiicnl 
axliihitinl a n(.vau}jaly (litilnrlinl ivhimhi).. A woll-marltinl 
lliitUmiiii.' at Urn (niiinlor, uaaomptmitnl by im (iipially 
wfill-maikwl lliiliaiiiiij' al. Ihn ]a.lrn, Kava Mm plim(!(.’H 
(floha an oliltm|r llfpira (wiMi |•mm^l■■^i anj-lrtt), I ha 
lauKaHl. (liamalara hnvinif i hair I'xln'mitian in Sal iiniiaii 
liilitiida 4H" 20'- -Ha i-xaaMy wan Mm j'n al. unlrmmmar 
ahh> io iiidiaula Mia natiiia af Mm didarmily, awiipf la 
iiiH woll~iatulci“d ahavaflar. 

Wind) viaw hIiuII \va I'arm ivi!|icaMip{ an ahm rvidiaii 
of HO vamavkidihi a iiaUivai* Wan Mm pi'aiiliuiily 
duo to tidamiojiia dlnlailiaii V lli'inalml ahifivad R 
wibh Hovaral iiiHlruiuanlH, aanm aavi'ii, Kama Ian, aim 
liWanly, and aim farly iaalir in loiijjlh. Wan lha |ih(*- 
iiomaiian duo fa afmamiharia dinfmltiuiaani' iSimlt din- 
tm'lianaaH aoiild nof ma'aiinf fani panilafanf impia.ii iaii, 
hmvavor wall Uiay niijfhl. a.'ipluin fhn minuanlary iim- 
Hniupfiou of fha winuia-nliaiildan'd imparl.hy lha ringed 
plaiiaf. llaHidan, .htpilar inanaidad lia aiiah uppaiir- 
aiiaa. Wiia Mm aiipaaiaima an a]iM<nd illiiniau, ihia in 
fha jiaailiaii of fha rin/{ -Miaii tiliphlly npaii? If aa, 
Mm pliinab aliauld alwayn a.vhiliif Mm tiijniiia-nhanldan.nl 
aa[ia('b whan Ilia i’in){rt lira apan fa fliaf inul ianlar vx» 
ianb | iinil fliin in nab lha cana. Ih'iddan, wn anp;hf In 
iiobioa a Hiniilar illiiHion whan laaldn^; at. a piatnra 
raprcHonting fhat partUinlur phiiHa of f'afurn. Mnnl 
wo thou uccopb flm iiHfaimding ooimliiHiim flmf flto 
giant hulk of Katurn in HUhjoob to fhroi'n of no 
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L^jn(iU(lou» a naturo ns to uplioavo wliolo zonoH of liiH 
rfaoo livo or six lumdrotl mWm abovo tboir oidinary 
vol? Truly tlio (jonolusion ia ono to bo avoided, if 
:) (suii by any possibility find a Iosb fitarOing oxplnna- 
m of tli(^ niattor. 

Yet wlu'iro aro wo to look for sucli an <iXplaiiatloii ? 
'"aa Sir Williiiiu lioraoliol simply <l(iO(‘iv(jd? I bavo 
ready (a^iisichu-iul tlui goiujral question of illuHion> but 
10 reader inigbt oiitortaiu the explanation ns (?on- 
uvublo tluib HevHolud bad for a wbilo losi; tbo 
aiinou wlncli distiiiguisliod liiin—that illnosH^ for ox- 
njdc, might liiivo roud(src(l Ids obsorvatious i!i(jxiud « 
nt wo luivo abundant ovidonoe that tlio great astro- 
01 nor wuH in the full possossiou of all bin woinbuTul 
[)\vorH UH an observer during the numtb of April 
HOC; wo know fuvtbor that,by oaroful nieuHviromonts, 
o rigidly exeludod all possibility of illusion aireotiiig 
IB judgment. 

It would be inoni satisfaetoryj doubtlesBi to iluj 
leader, bowiworj to learn that otluir obHorviu’s bad 
otiiasl Hunilar ptMudiaritiett, or peimliaritios wbiob, if 
ot similar, woro at loust sn(jli as to prispnro us to 
ouHid(sr tlu^ globe of Buturn liabU'/ to re i nark aid o 
bangoH oi llgure. Fortunately many suoli <d)H<u*v[u 
ions liiive liei'ii roeordial# I take tlie lollowing lr(nu 
mo of a lengthy soriim of papers on Hiitnrn by Mr* 
rV(d)b, in the^lntolbiotual Observer* for 

On August />, 18()B, Bolirdtor found Batuvu not por- 
biitly splujroidal in figure. Kitelumer says that for a 
bw mouths in the autumn of IBltt ho ^aw Batura uf 
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the figure described by Sir William Herscliol, IM*** 
that with two different aehromatics. At this 
the ring must have appeared too narrow to account i* ’ 
the appearance as duo to illusion. On one ocem»i»>** 
Su‘ George Airy had a similar view of Satin'J*- 
He remarks, also, that a person unacquainted wi t i * 
Hersohel's observation remarked spontaneously on t.Ii»' 
flattened equator of the planet. On another occiiHiinir 
Sir G. Airy noticed the exact reverse, the planet seijiti i i» 
flattened, instead of upheaved, in latitude 4/5°. Iti 
January 1865, Coolidge, using the splendid rofninl **>' 
of the Cambridge (U.S.) Observatory, noticed that t 
greatest diameter of the globe seemed inclined abint l- 
20° to the equatorial diameter j but on the Otli 
equatorial diameter seemed the greatest; while mi« 
December 6 ho says: ‘I cannot persuade myself timf 
it is an optical illusion which makes the maximum iHii-* 
meter of the hall luterseot the limb half-way betwiM.*ii 
the northern edge of the equatorial belt and the iiiui**' 
ellipse of the inner bright ring.’ All this time 
rings were nearly at their greatest opening, so llm* 
any illusion should have boon of an opposite charael.ti v 
to that observed when the rings were nearly clostiil* 
In the report of tho Greenwich Observatory ft tr 
1860-61 it is stated that ‘Saturn has soTnetwuw itj*'- 
peared to exhibit the square-shouldered aspect.' Thtu 
eminent observers llond, father and son, have iiotfiu** t 
similar peculiarities, using tho great Merz rofmcl Mr 
alieady refmaipd to. Eaoli of them noticed a llattoni ii 
of the north-polar regions of tho planet in tho summit'-r 
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of 1848j when the ring was turned edgewise towards 
os. On the other hand, the same observers noticed 
fcliat in 1855-57, when the ring was most widely 
opened, the polai* region did not always seem projected 
farthest on the outer ring in a symmetrical manner, 
but four times on the left of the pole, once on the 
I'ight, and once only exactly opposite the pole. ‘ The 
outUne of this region, also, occasionally appeared irre- 
gulaily flattened and distorted,’ an appearance not 
Batisfaetorily oxpilained by the juxtaposition of the 
<Jai’k shadow of the planet on the ring. 

Now there can be no doubt whatever that the 
planet Saturn is not ordinarily distorted. In 1832, 
during the disappearance of the ring, Bessel carefully 
determined the figure of the planet’s disc, and Main 

1848 ^when the ring was again turned edgewise 
towards us) made siiniloi- measurements. Each of 
'tliese trustworthy authorities came to the conclusion 
hliat the disc of Saturn did not, at the seasons when 
ttey respectively measured it, exhibit any distortion 
of figure such as Herschol had described. 

We seem almost compelled, therefore, to accept the 
conclusion that the planet Saturn is subject to the 
ixiflueuce of forces which either upheave portions of its 
surface from time to time, or cause vast masses of 
oloud to rise to an enormous height above the mean 
level of Saturn’s cloud-envelope. Whichever view we 
adopt, we cannot fail to recognise the fact that an in¬ 
tense heat must in all probability prevail in the great 
g-lobe of Saturn; and doubtless the real mass of the 
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Hhuiiitmum- omitn Inillmnl. lif'lit, Mm ol.mil- 

Htnilfv HummndinK I'ii'i >'»‘y I'Vt'Vt-nl m f'n.iu 
lUHiujf nmvo tlinini iiiiiiut((in<i|mrlioji of liiti Imniimhity. 
In fiict, (uuiorcliiij' Im Miin viinv, Siilmii uml .tiiiiitor, 
niililco (Im huh, roitl unlmluinMii iiiiljt n liv ii inlcutm 
light tliini Urn olotitl |ilmlo!t|ih('io Htmoiin.liiig liiin, 
munt hiivo tnu’h'i nolhl or Unithl - nhioing with mt 
altogollmr morn Inilliuiit li/'lH, (limi Iho t‘loutl-i!Hvnlo|ii<M 
of Ummt plinii!lH iwi'io imiunity l<> omit. 

Wliy Miiluni, rnthoi- Muiii .liipilor, nh-mhl cxhihit 
from tiiim tt» limo thiMio mynl* liomi olmujo-n of ligim) 
in ivdulily oxi>li(!ul>lo wlmii wo lomMiuVmr llint. Ilio 
^ilnno in wliioh tlm .Tuviuu nnlolliton luovo m orly I'oiii- 
oidoH with tho nrhilnl plnnn of llmir iniiiniiy. Tlmro 
thuH ulwuyn vohuIIh n idono »);rooiiM*iil hotvvomi tho 
zono on whiolt tho nuloliitoH oxoil. Ihoiv ({ronlont iIih- 
Lurbing inlhioiinim ninl tlmt. uioiit, iuHnonroil liy tho 
mtlnr iinlion. No modi ooiiioidout’o oKiiln in Urn onno 
of Hiittirn, wltoHo nntoUiloH tivivol in n |il;uio inolininl 
Hourly 30 dogiotni to (hot in wliioh llmir iniiniirv 
tnivolH. Wo hiivo noon, howovor, (1ml ovidonoo in not 
winding to jtrovo that Jnjiitor in roally liiddn lo ooca* 
Hiouat (’hnngoM of (Igin o, I hough not (o imoh an ostoid. 
UH to chniigo (ho gonoiul nii]iof| of llm plonol, 

I thiidt tlio ovidonoo in llmoano of .Sdnrn favonrn, 
at leant an ntroiigly an tlml whioh haii liron aildut od in 
tho ciiHO of .Tuiiitor, tho holiof (hat Iho giant idninda 
outnhlo tho zoiio of aHtoroidn iiro not tlmniHolvoM nuil- 
ahlo uhodoM for living oroatnroM, but aro mnin, fmjt- 
phuuoiitiiig tho launll anmutd. of light, and yet morn 
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fully BUppUuuonliug tUo Hinall umouufc of liniil; winch 
lh<^ Him HupplhsH to the HiitollitcH circling around 
thcHo orliH. Uiuloubicdly, if wo arc to judge accord¬ 
ing to th(» nuitliod which luiH hom m oftou apidicd to 
Buoh qiunitiouH, if wo arc to uhIc ourHulvcH according to 
wliafc aiTanginmnit tho contra! plaiujtH and tlu^ Hyntomn 
circling round them Rcmn moHt; rcMimniably int(n‘pr<stcd, 
wo Hhould at once adopt Honn^ Huoh conoluHioru For, 
l)y tahing Jupiter and Haturn to ho ntrictly analogonn 
to our own curtli, and tlnnr BatclUtcH to bo Hubwidiary 
bodioH, rc»cnil)Ung oiir )uof)n in //m, that they Hub- 
Hcvvo at proHont no other [nirpoHO but to illuininato 
tlio nooturnn! HkitJH, and to Hway tlio otu^aiiH of their 
prinnu’hm, wo ibid ourHolviBi porploxcd by tlu^ conni- 
d(H‘al ion that a much Hiinphu' arrangement would luivii 
Hul)Morv(al purpomm mueli more eomplotoly. In 
tho cuHo of Hatundrt natollitoH, imhaul, it ncinnH difli- 
cult to eomanve tlmt tlumo bodiijH (umld have been 
int^anled to fullil any Hueli purpoHCii, tutioo tho two 
miter mien (iould noiiher give Jiny UHelul light to tlnnr 
primary, nor Hway appreeialily any oeeauH which may 
oxiat upon blm plamd;.. 

ThcHo ooHHhhu'al ionH loud to ladiovii that the two 
moHt impmiant momherH of tla^ plunetary Helnnni^ munt 
ho left without inhahitantH for tho pnnunit, wliilo in ex- 
eliango I Huhmit, to tho eoiitenijilutiou of tho euriouM, 
twelve Hinall orhn, coiiHUtuting two miniature world- 
HyrttcmH. Tho oondilion of thcHO workln will bo touched 
un brielly In a Hcpunvlo uhuptor, 
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OIIAPTKU VIL 

UUANUH AND NKrTUiNK, 'rm: l'J.ANi:n4. 

A OIUODMHTANUK wliioli \n <»!' /{nnit, inijiuriuiuth in 
(!onHi(l(U'iuj{ tlio vnlulioini of llio nnli*r iiliinofii m iijit (o 
1)0 lottt Hight of, owiii/j to iho uiuiiiliiifaolnry fniuinrr in 
wliioh in uciuly nil linokH on loif ronnmy M»o jihmnlary 
orbitB iiro voproHioiiod, To lunk al. iUv laniou of orini- 
cUHtiml) atwl oonoouirio oirrloH r<t|in';rf>ntin^f (lionrhifM 
of fclio phinolH, who would jiuppoMo Ihur in piiMMinij 
from fclio orhib of Jupil.or in llml of Sulnin n diiilmiro 
fivo timoH iiH im l-hnf \vl>irli Mopiualc^;* onr oavlh 
from fclio HViu iiim to ho Inivonnal? Iliil. Iln^ dif^larn’o 
Hopavutiug UrnnuH from Hiifcnrn in l.wini ii?! ;rrrai ovon 
iiH fchiH fcromoudourt fpip, whihi Nrp( nuo fiavolii lui far 
boyoiul UranuH art UnniuH tinyoml Satnni. Nino 
liimdral* niilliouH of miloii in widlh ia Iho minrinnuH 
gup by wliioh fcho pafch i»f Uruimti in MojDualtMl from 
fclmfcofthn riiigirtl plumd on fcho inimr nldr*, and from 
fcliufc of diHfcimfc Nopfcnno tni llio ouior; ho Ihnl a lino 
(rt]mil to fcho dianmfcor of Jupiif'rV orhif. wmdil Ituvoly 
laidlloo to rouuh from Sufcuru fco niamiH, or from llraiinH 
to Nopfcuiio, ovou wlum oifchor pair of plamda avo in 
oonju notion. 
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We know so little of the physical aspect of Uranus 
and Neptune that it is extremely difficult to form any 
opinion as to their condition. The two planets re- 
semhle each other in size, each being far smaller than 
either of the giant orbs we have lately been con¬ 
sidering. Uranus has a diameter of about 33,250 
miles; Neptune is somewhat larger, his diameter 
having been estimated at 37,260 miles. The volume 
of Uranus is 74, the volume of Neptune 106 times that 
of the earth. Both planets exceed Saturn in density; 
for whereas Saturn’s mean specific gravity is but 
•j^'^oths, that of Uranus is and that of Neptune 

mean specific gravity of our globe* 
Thus eacli planet has a density nearly equal to that 
of water. The mass of Uranus exceeds the earth’s 
about 12^ times, while that of Neptune is some 16f 
times as great as the earth’s* It will be seen, there- 
fore, that though these two far-distant worlds are much 
leas massive tlian Jupiter or Saturn, each of them 
outweighs many times the combined mass of the four 
planets which travel within the zone of asteroids. Yet 
gravity on the surface of these two orbs is but about 
three-fourths of terrestrial gravity. 

The disc of the sun as seen from Uranus is less than 
that which we see, in the proportion of 1 to nearly 390, 
while the Neptunians have a sun only about -^/roth of 
ours in apparent size; and in these proportions the 
solar light and heat received by these planets are re¬ 
spectively diminished, So small does the sun appear, 
in fact, that to oyes such as ours his orb would not 
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l)reKont a lui 

ox<!{!i!(li«gly l)rilliinifc iliiy-H<«r. 

Bo far \V(! liavo found llio t’inMiiMiilauiTM of (1u» two 
J)luu()(,9 Hoiuowluil, Kimilar. Hut wo Imvo now (u cm- 
Hulor ii i'(iluti(tu i>vi!HouhMl liy Uniuiiii, whioh in iiof, 
Hlmmd in by Noiiinno. It nmy Im lotmivlvod (bid wo 
know HO littlo nl)nnt oilbor |ibinot tbnl nny ve ry oiuofnl 
(lonKidonilion of llniir liabibilnlily would bo iniuiily n 
wasto of likbouf. Tlio ovidotioo I ant about (o adtbioo, 
liowovor, in tin; oiiho of llranuM, mM'iiiH (lonougldy to 
dinpoHO of tbo oliiiin of lliiH idanot to bo logardi d an a 
world inlmliihid by oroiduroii loMondilin/; llaiHo wo aro 
iU!(|naiiitod with on oiul lii and iia wo oauiad loioioualdy 
BupiioHo Nojiluno to bo inbabitod by «uob ovoid uioh 
wliilo UrnnuH in not, wo may voiy fairly roganl tim 
(jui)ntion iiH (liHpoHiid of for both plunot!', ovoii llionijh 
the rolation doalk with ih ponuliar lo llianuM. 

lIvanuH liiiH a family of four md olliloH, Noptuno haw 
oidy (UK) Hidollito yot diiioovorod, Now wo himw t hat in 
(ho OKHo of Jnpitor, OH in (hid. of Saltuii, (ho poidiion 
of tho piano iiour whioh fho aalollitoH iravtd ia noarly 
(joinoidont with Iho pliuio of tho priuiary'a oqnator, 
Tlimciforo, though no tolonoopo haa yol, oxbibitod any 
foaturoH on tho diM(^H of IlruniiH or Noptniui whioh can 
onablo uh to dotermino Iho pOHilion of ila oqualor, wo 
ciun Haf’oly infor from (ho motion of Iho HidolliloH Itow 
the (npiiitorH of tho jilauidH aro Hitiialod. 

Now tlio (iatollitoH of UramiH travol In a piano vory 
nearly at right angloH to (ho piano in whioh ( ho jilanol 
IravolH. It may h«> inonttomai uIho, (hough no(, im* 
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portant for my present purpose, that they travel in a 
retrograde direction. The satellite of Neptune travels 
ill a path not inclined more than about 27^ to the plane 
of the planet’s path 5 but the motion of the satellite is 
retrograde. We conclude that the axis of Uranus lies 
very nearly in the plane wherein the planet moves 
around the sun, and that the planet rotates in such a 
way around this axis that the sun moves across the 
TJraiiian skies from west to east, instead of from east 
to west. The latter relation is of no great importance ; 
the former, however^ involves results which dispose at 
once, and thoroughly, of any hopes we might entertain 
of discovering creatures in Uranns resembling those 
which inhabit the earth. 

The inclination of the plane of Uranus’s equator to 
the path in which he travels being about 76% it follows 
that the Uranian sun has a range of about 76° on either 
side of the celestial equator, during the long Uranian 
year. Already, in considering the seasons of Venus, I 
have dealt with a peculiarity of this sorb 5 but in the 
ease of Uranus the effects are more serious. We have 
only to consider what would be the result of so wide a 
range of solar excursion north and south of the celestial 
equator in a latitude corresponding to that of London, 
to SCO how importantly the climatic relations of a planet 
like Uranus, occupying eighty-four years in circling 
once roixnd the sun, must bo affected by such a pecu¬ 
liarity. We know that in the latitude of London the 
nun reaches at noon, in spring or autumn, an elevation 
of about 38^ degrees above tho southern horizon, that 
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in Bummer he piiHMtin the meriiUnn afll- tltigreen higher, 
while in winter he {wiaMea the irierhiitiii 2:^ tlegreeB 
lower, or only Ifi rlegretm nlmve the horlzcm. But in 
a flirnilar IJriiniiiu hvlltiule, wliile the hjiu weiiltl renelj 
the flamo ineridiim eleviitiou in Hpring or imtuuui, lie 
would in Hiunmcr trtivel tlirouglimit tlio diiy in n wumil 
circle, I'i degrooB only rroin the pole (ntlffetl of coihbc 
dogrooH nbovo the horijinn), ho I hut nt rnum ht‘ would 
bo 6/5^ degrecH, iintl nt. 7 iiminrd niidniglit 5}V| degrecj 
nbovo the northern horizon. Anil obviouxly, aineo the 
year of tho UraniiiriH liwU 84 of our yenrH, tho ocm~ 
timinnco of tho sun nltnvo tho Inwiaon would Inst for 
many years.* So far there la nolhing to render life 
in UrnnuH unplcnBunt, alwnyn «uit|nming tho nrimll 
amount of light and h<!at supplied by tho sun to bo corn- 
ponsatod by Bomo such atinospherirs nrmngomonts imi 
phyaioiBtfl have thought neeoBfinry for tlio eonveuionco 
of tho more diBtnnt plnnots. But when wo consider 
tho nature of tho Tfrnniim winter, wo luul the clreuin- 
Btanooa buoIi ns no nrmngemeuts of the sort <?«n be oou« 
ooivod to alleviate. The winter path of tlio Urnnlnn 
Bini, 111 a latitude corroB|Kinding to tluit of lK)ndon,l8 
just 08 fully dopreBBod below the horiiwm ns the sum¬ 
mer path 1 b itiiBod above it. At midnight the suti 

' Itxnot oalonktlon nppUml to rolstloiui so nntwrt.'ilii sa Uxkmi 
lioro In qnosllou wotilil bo out of placo. Ifrom n esurefol isjustruo- 
Uon, liDwovor, with 70” os Ibo a^uto^ raluo of tbo InonooUiin of 
Ilia (K|imtor of Uranus to Uio plane of his orbll, I find ibai ibOHOti 
wonkl oonllauo abovo W* liorlson In sommeir for atool S.1J ymro. 
Of OQunio It follows Uinli ibo son would oontinuo below tee horlson 
for an equally long iwriod In winlarl 
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is 66J degrees, at nominal noon he is 37^ degrees 
below the southern horizon. And as with the summer 
day, so with the winter night, year's elapse before 
either comes to an end. For upwards of 20 years, in a 
latitude corresponding to that of London, the Uranians 
~if there are any—never see the small Uranian sun. 
During all this long time, too, a sight even is denied 
them of nil parts of the solar system interior to the 
orbit of Uranus; though this deprivation cannot be 
regarded as very serious when it is remembered that 
to such eyesight as ours Saturn would barely be visible 
from Uranus, even when most favourably situated, 
while Juj)iter, always near the sun, would only be 
occasionally seen, shining with a light somewhat less 
than a fiftieth of that which he reflects to us when in 
opposition. 

When we consider other latitudes, we find Uranus 
ill provided for as respects his winter season. In 
all latitudes nearer the pole than the latitude just 
considered, the Uranians have winters lasting from 
twenty years to upwards of forty. In latitudes neoi-er 
the equator the winter night is shorter, but we must 
approach quite close to the equator before wo reach a 
latitude where the winter night lasts less than a year 
or so. Over a belt extending about 14 degrees on each 
side of the equator there is a iieronnial succession of 
days and nights never exceeding the full duration 
of the Uranian diurnal rotation. But we must not 
suppose that we have thus found an ISlysian zone in 
Uranus. The immense range of the sun’s excursions 

M 
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produooB tore alao ft vftritity of aoitHonal cimiigiw wlii«h 
wo sliowld find altogotlier HJiondumblo. From r «im 
barely rifling ftbovo tho horizon in wlnlor, iti n Him 
whiuU riaoB vertlciilly ovorlieiid twicn in Llm oonrHo of 
tho Uranian auinnuir, in a idmiigo wliioh Imrdly rimmlfl 
with our viowaof wlmbiH doBirnltlo in (ho progroBs of 
the aonaoriH. At the oquRfor ilmolf thorn tiro in roiility 
two BimimerB, occurring tlio innitHl of tho Hiin'a 
passing the oclcBlitd eqniilor. Horo for many your« 
together tho aun paflacH tiny nflor ilay to n point urairJy 
overhead, lint tluui comoa tho long winlor, in tho 
heart of which tho aim riaoH biiroly H tiegreoH nbove 
tho northern or aoiithern horizon. By whnlever 
arrangement wo render tlio long Unininn wiiitera in 
thlaparbof thoplauot oridumbloi, we remler the heat 
of hla long anmraera unheiimble j and vuna vmAf if 
wo oonooivo of iitinoaplierici relations which weald 
render hia auinmora plcnaing, we hnve cfttised hia 
wintora to bo ao intouaoly ooUl that no crenlnrea we 
arc familiar with oould endure the prrdongc’d and 
bitter froata, uontraating ao diKtr<>aflingly with the 
Imagined geniality of hia anmtner wcnlher. 

If UranuB be Inltnbited nt nil, tlmn, it rnuat he by 
oroaturoB oonatitutod In a very dlfferont manner from 
any with whloh wo are ncquiUnlcd. To aneh ereaburei!, 
If any among thorn bo gifted with InteUigiinoe, the 
hoftvena, though not adorned with planefci, nauBfe yet 
proBont an IntoroaUng aubjeet of atndy. Ths pwitioti 
of tho polo, lying oloao by the xodine, «a that amongal 
the tiodlaoal onnntoyfttlona thw® ar® allthe wisUsp 
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of motion wliich wo recognise in passing from the 
wjiiiiloi'ial to 2 )olm' oniiNtollabious, woiilrl lead to a 
om-lnin complexity in colostinl charts and globes, which 
won hi luviLo us to tlio conch i sion that tho Uranians 
must ho capilid inathoinaticiiins. Then thoro are 
certain astronoinioal subjects of atudy to which tlieir 
matliciufd leal jtowers may bo devoted 2)evhnj)8 more 
BuccoHH fully than those of our astronomers. For ex- 
iiirnde, tho wide swoop of tho planet’s orbit would 
ontiblo tho Unmiims to recognise n displnoomont of tho 
stars in tlui ounrso of tho long Uranian year. The 
star Alpha Cenlauri, which only exhibits to tho ter- 
restriiil obsorvor nn animal parallax of one second, 
would oxiubib to tho observer on Uranus a disiilacfl" 
iMonb of about tho third jmvb of a minute. Other stars 
would bo ailcotod in like proiiortlon, and perhajis the 
UninmiiH may thus bo onublcd to form somo oonoeption 
of tluit relation which liitlierto has proved too badling 
ft problem to our astronomers—tho aotiial can/iguriv> 
tion of tlio nearer parts of tho sidereal system. Tho 
Neptunlans would of courso be even more favourably 
oiroiiinsbinued. 

Ono diflioulty presents itself, however, in thus con- 
sldorJng tho prospoots of the Uranian and Nojitiinitin 
ftstronomors. Tho enormous length of tlm year of 
OHoh planet requires that either tlio nstronoiners in 
Uranus and Neptune sliould bo very long-lived, or 
that they should be very enbhirsuistio In tho oauso 
of science, to prosoouto singly such ohsorvnttona ns 
ttondersonj Olbers, or Peters, luivo singly prosooutod 
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on our earth. An tlrnuinn who made nm?, Bet ol 
obaervaLions to detormine ulellnr jaunllus when Im wiw, 
say, twenly-Rvo yearw old, woultl Imvo lo wail, till ht; 
had nearly reached tlio tlirce»(fore yenrit and ten (not 
porlmpB allotted its tlic «|tan of Urnniau life) Imfore he 
could make the oorroHiiomliiig wsl, by eoinitfiriiiH wideh 
with tho former, Ktellar laindlnt was to be, ileliwintniKl. 
In Ncptuno life ihuhI. lie priiloii««Kl over the eoiiliu-y 
(unloBB tho Btvuly of nlntervalioiHil nstronoitiyeonimericfi 
during tho bnbyhocal of the Noptuniana), in order that 
a complete Hok of observnl.lonB for doleriniidug Ktellar 
parallax ahould bo carried out, One cnnnwt but con- 
ooivo that a oortidn aluggishneM wordd mark the pro. 
groBB of nBlrouoiny In Utuws fnr.Mtr worlds under mich 
oiroumBtanoes, In fact, tho mom eonaidemUon that 
after a oou«tellatlon iiaa pasBed away from tho noc-. 
turnal skloB of IfrouuB or Neptune, 30 or 40 ymtre in 
one 0080 and 70 or 80 in the other must pw before 
tbo oonstollation again bimomoB fnvotmddy visible, 
suggoBta ebarnetorisUoB of natronomioal observation 
altogotber diircrent ftoin tlioao wo are familiar with. 

Admiral Bmyth BUggests lliiit those di«UMtl pUinetit 
muBk bo oouvenient outpoBtn for vmtehing the ap 
proaoh or loooBBion of ootnelB j but I vonturo to pint 
out that tho inhobilniitB of the earth am on iho whole 
more favourably situated in tills rwjJoeL. Every 
largo oomot which apprcmches tolonrldy near to tho 
Bun during porthetlon pamige is ns likely to bo smm a« 
to be uuBBod by tlie InlmbihintB of oarth; but aoarcely 
one out of a tboumid Kueh mxmla woukl bo loou 
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from Uranus or Neptune, Bince to be visible a comet 
must approach the sun or recede from him along a 
course passing tolerably near to the partioular position 
of either planet at the time i and the changes in the 
case of any individual comet would be enormously 
against such a contingency. 

With eyesight such as ours the Uranians would 
distinctly see Neptune when in ox)position, but the 
Neptnnians would be wholly unable to see Uranus, or 
indeed any known planet of the solai’ system. 

Perhaps, though we have very little evidence on 
the point, it will be thought more reasonable to sup¬ 
pose that Uranus and Neptune are suns to their re^ 
spooUve systems of satellites, than to imagine that 
thcBO two drearily circumstanced planets are them¬ 
selves inhabited. Their satellites cannot possibly 
compensate to any noteworthy extent for the small 
amount of solar light or heat which reaches their pri¬ 
maries* On the other hand, it is not difficult to con¬ 
ceive that the planets may afford an important supj)ly 
of boat (at any rate) to their dependent orbs. Cer¬ 
tainly, SO far as the evidence we have extends, Uranus 
and Neptnno resemble Saturn and Jupiter too closely 
not to warrant the ai)i)Ucation of any arguments de¬ 
duced from the appearance of the two giant planets to 
the case of their inferior but still gigantic brethren. 
Viewing the matter thus, wo seem led to the oou- 
oliiaiou that the planets which lie outside the zone of 
aatoroids are distinguished from those within that belt, 
not merely, as had so long been recognised, by the 
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ttlLribidOB of bIko, tUmally, of rolnl ion, nntl the 

aomphixity of BywIomB eJroliitf* roimd (hoin, boi hi thin 
moro importivvil, nml itmro i«(oi. 5 >Ung tiroimmlftiice, 
tlitil* Uity nud their dojitoidi'iil itiltB nro n-nl Muiitniuroa 
of tho solar nytiltirui ^'ln^r simB Ihoy would mu'm to 
be>| not incktod kuiir respleiidt'id Uko tlio |>riHtiiry tiurt 
round wldoli they (mvol, yot Biving iml ]H)rhn]iK no 
imtignifluaut BU[i)tly of light ; not honfitl to incan* 
dcfirnsncB uh ho in, Init «lill mipjilying nn nnuuint of 
heal nro|iortionntKly far grojilor lltnn tho quiinliiy of 
light llnsy givo forth i in lino, not, ns ho la to the Innisr 
(ilimots, the solo eouri’P whonoe all Rupplioa of foreo 
aro derived, but adding tliolr iniliionoo to his in a 
Variaty of oontpliculod but doubtlosa wcll-ordoned com 
biuntiong) in euob gort that the arnntl worlds which 
oirole around them ore provided with all that i» neeefi* 
nary for the wclkbcing of Uioir inlmhltanti, 





CHAPTER Vin. 

THE MOON AND OTIIEU SATEI^DITES. 

Ai;rii0U(Hi Ulo moon cannot lio regarded or ut present 
tbo abode of any foi’ina of life, oneb ob we ore familiar 
with on earth, there are many reasone for Btudying in a 
work on other worlds tbo various relations sho prosonts 
to us. In tbo first place, she Bubsorves variouB useful 
purposes in tlio economy of our own earth 5 then there 
are oivoumBtauccB in hor nppoaranco which Buggeet ^ 
that at one time there may have boon life upon her 
Burfuoo j and lastly, bUo alTorda us the only information 
we have concerning the probable rolationB jn'esented 
by the noble aystoms of moons whioh oirclo around 
Jiipitor and tlto other planots outside tlio aone of 
UHtoroids. 

With regard to tbo prcBout luibihihility of tbo 
moon, it may bo rotnnrkod that we aro not justified iu 
aasorting positively that no life oxiafcH upon hor Hinface. 
Ijifo ImB boon loimd under oonditions so stninge—we 
have boon so often mistaken in oflaviming that Kara 
oortainly, or iket'a, no living cimturoa can possibly 
oxiHt““tbat It would bo mab indued to dogmatise re- 
spooting tbo slate of tbo moon in this reapoot. 

BtlU, in the ouso of the moon wo have relations '• 
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wholly dilTeront in ohaniulor frotn tlnwtj wh Imvo 
hitherto hnd to <!on«ider. We no longer Imvts Ut 
detil with vnritiUH degrees of lietd niitl eold, of iit- 
moflplierio rarity or density, nnd the like, hut with 
roltttiouH whiclt do not in the sliglitesl degreis resunddo 
thoso wo aro fntniliiir with on eurlh. 

In tho first pluue, the moon Ima no ti{)]ireehd)ie nt- 
mnsphore. Wo have long htinwn (hiK i|nile eeHainly, 
beennao wo boo that when ulnm uro oeenltod Ity (lio 
moon tlioy disappenr iiiHluiilly, wlieretiH we know IIub 
would not bo tho ckkc laid (lio moon an at inosiihero 
of npjireciahlo extent. Ihil if any doid»t. ifould hnvo 
romainod, tho ovidonco of tho HpeatniHcope in Mr, 
Ifuggina'a handa would liave snllictsd to roinovts it. 
ITo haa never lieon able (t> deleut a sign of the ex« 
iatenoo of any lunar ntinciBphore, tliough Mam and 
Jupiter, 80 much farther from um, have nnVirdtsd din* 
tinob ovidonco roapoctitig the aUnoHpliwro# which anr- 
roimd them, 

Then aocondly, thoro are no acna or oeenna ou tho 
moon. Wore there any largo Lnicts of walor, tho 
tromondoua heat to wliioh tho moon ia aubjeoted during 
the octurao of the long linmr day (liwting n fortnight 
of mir time) would cortiiinly oauae enorinoua quantiUea 
of water to evaporate j and not only would tho olTeels 
of thla proooaa bo diatUiotly rocognlaablo In the tele- 
scope, but tho apectroacopo would exhibit in an un- 
miatakablo manuor tho preaenco of tlio aquooua vapour 
thus fonuad, 

Thirdly, thoro oro no Ititior aensona. Tim inellnaf* 
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tion of the moon’s axis to the orbit in ^Yhioli she travels 
round the sun is nearly 89^ and "with this inclination 
there can be no appreciable seasonal changes. 

Fourthly, the enormous length of the lunar day is 
altogether opposed to our conceptions of what is suit¬ 
able for animal or vegetable life. The lunar day lasts 
about a fortnight, and the lunar night is, of course, 
equally long, Were this all, the inconvenience of 
the arrangement would not bo endurable by beings like 
ourselves. But far more serious consequences must 
result from tho combination of the arrangement with 
the want of an atmosphere; for whereas during the 
lunar day the surface of the moon is exposed to 
an inconceivably intense direct heat, undoubtedly 
sufficient to boat that surface far above the boiling 
point, during the lunar night the heat is radiated 
rapidly away into space (no atmosphere checking the 
process), and an intensity of cold must prevail of which 
we can form but imperfect conceptions.^ 

The mere fact that our earth is always invisible from 

* The moon’s physical habitudes arc in fact so very different 
from those of tho oarth that ono cannot road without astonishment 
tho following passage in which Sir W. Horsohol pleads for the 
moon’s habitability. * Its situation, with respoot to tho sun,' he 
Bixya, ' Is muoli like that of tho earth, and by a rotation on Its axis 
it enjoys an agreeable varloty of soasona (I) and of day and night. 
To Uio moon, our globe will appear to bo a very capital satGlllte, 
undergoing the eamo regular ohangos of JUurainatlou as the moon 
does to tho earth, Tho eiiu, tho planets, and tho starry constella¬ 
tions of tlio heavens will also and sot there as they do here, and 
heavy bod tea will Ml on tho moon as they do on the oarth. Thsr 6 
Ciihj to ho wantingi in order to eonijdeto the analogy^ that it 
he inhabitctl like earth* Tho ovldoaco, however, seems to 
mo to lio all the other way, 
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three-seventlia of the mTOn’s surface is one wliid'' 
points very strongly to the conclusion that tho presenfc 
condition of the moon is not the one best calculated to 
meet the wants of living creatures on her surface. I*' 
long-past ages, when lier rotation had not yob Iseon 
forced into accordance with her revolution* (as ftt 
present), tho earth must have subserved a variety of 
most important purposes. If water • then existed on 
the surface of tho moon, tho earth must have mi sod 
tidal waves in the lunar oceans. She must further liav© 
lefleoted enormous supplies of light and heat towarda 
her dependent orb, oven if at that time she were nofc 
a secondary sun for the lunarians. She must Ixavo 
travelled across the lunar skies as the moon ti'invols .■ 
over ours, presenting a variety of interesting and beaxi- 
tiful phases, affording useful time-measures, and bo 
enabling the travellers on tho moon in those long-pnat 
ages to guide their course in safety over her ocoo-n b or . 
her deserts. But now she is invisible from a lax*^o 
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» Xho Tosoarohos of Adfims Into tho pooullarity ot tho moon'm 
motion called hor noooloratlon, sufllco io ahow that midor tho 
fluonco of the moon's attmotlon on onr oceans, tho oartli’a rotatloei 
Is gradually diminishing j so that, though many mllUona oiJ 
must olapso ilrat, alio will ono day ao rotate aa to koop alwayfit tlio 
samofaoo iurnod towards horaaloUUo, Wo cannot doubt that li' 
has boon by a process oC this sort that tho moon’s rotation hufi 1>00£I 
brought to its prosont rato. In fact, ludopondonUy of tho ovlcloii<N^ 
alfof^od by tho earth's gradual loss of rotation, wo cannot acoouidit'^ 
for tlio moon's poouliarlfcy of roMon wiUiont regarding It ns to : 
tho earth's con trolling laUuoiioo, A porfootly homogcnoo\is ^ 

started on a cllroob lino at tho moon's distanoo, and with tho Haitici 
Yolooity, would travel without roUtlon on an orbit like tho inoou"^!' 
and would thus In completing a revolution oxhibit ovciy pnirt oC iCii^' 
surfoco to UH. , ; 
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portion of the moon’s surface, and almost a fixture in 
the sides even of those parts of the moon whence she 
can be seen. Wore there lunar oceans, she could raise 
no tides in them. Were there a lunar atmosxfiiere, she 
could shed no heat, to bo garnei-ed up, so to speak, by 
that atmosphere, and to compensate, in some sort, for 
the long absence of the sun. 

But have we evidence that at some far-distant 
epoch the moon was inhabited? Taking for our 
guidance the analogies which are available to us, can 
we really conclude that once, in all probability, those 
barren wastes were clothed with vegetation, those 
droaiy solitudes the abode of life ? 

When wo contemplate with attention the lunar 
surface, oonsidering the indications it presents of past 
activities, wo are led to inquire how the forces which 
have been so husily at work wore expended. If 
Nature, studied thoughtfully, teaches us the lesson 
that there is no form of force which is not the repre¬ 
sentative of some other pre-jvoting form of force, she 
also teaches us that no form of force over works with¬ 
out generating other foreos as its own energies are 
expended. Tlie meteor which sweeps with planetary 
velocity through space may bo brought to rest upon 
the sun, but tho energy stored up in its motions is not 
wasted j the sun may expend the stores of force he 
derives from moteorio impact, but not idly;' all 

' I'bo quoBtioii may bo nokocl, ’What booomos of tho ImmDiiMi 
BvippUoB of light and lioaU continually ponrod by Iho sun and qtUw 
Btatg into Bpftoo! Wo oarinot tollj y«t wo know oortalnly thafe 
they cannot bo wasted. I'ho boat of Aroturus, mcaaured by 
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round us we see the fruits of solar energies, wo feel 
them wifchiu ourselves, we exert them upon others* 
And therefore when we see on the moon signs that 
her surface was at one time iipheaved by tremendous 
volcanio forces, we are led to the conclusion that 
between the era when she was thus disturbed, and tho 


present time, when she seems absolutely quiescent^ 
there must have been a period when her energies were 
fit for sustaining various forms of life j though it dooa 
not follow, of course, that they were so employed, 
There Aos, in this instance, been a process resemblirig 
exhaustion, though we know that the forms of force 
which have passed away from the moon havo not 
really ceased to exist; but before the lunar forces 
were dissipated into space, they may have subsorvod 
the purpose of supporting life. 

Associated, however, with this subject, there are 

stone, gives an aooount oi one large portion of tlio stollor heat 
supplies, because we know that, email as tlm amount wo rcootvo ; 
may be, wo must multiply that amount mUlions on mllllona of 
. times to get tho total rccolvod by aU tho orbs In spaco from tlj U i 
(H^loulat sun* But wo know that a largo portion of our e-uti's 
light and boat must either fall to fall on any othor orbs, or muni 
be gradually exhausted in its progross through space (for If llaos-^ 
from the sun In every dirootlon onooiintorod orbs, tho sky oug:lib to : 
bo’lighted up at all times with star-splondour—whloh la no otlior 
than sun-splendour). In cither cuso wo cannot loll what booomoB 
of the portion seemingly wasted; though in tho latter caso wo nrjiiy ' 
afflim confidently that Uioro is simply a olmngo in tho naburo .0^1- 
tlie, energy, In both oases wo know that tho total of energy In 
universe remains undimlnlshod, Thoro is, indeed, a aoeming con-’ 
tradiotionhore; but it is not dlfforont in oharaotor from tho aoom-^ 
Ing contradictions suggested by tho consideration of Infinito space 
time, which yol wo arc oompoUod to rocognlao Otf 
abtolutely as finite space or finite tlmo. 
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qii(!«tionB of n porploxiiig ohamotor, wliioh invito our 
careful cimHiilemtion. If lifoover exinted on tlioiuoou, 
bIvo uiuafc hnvo poBKeMBod an atmoHphoro and hohh. In- 
tlopendenllyj bIho, of our views on tlio Hubjoct of life 
u]ain tlio moon, wo iiro led by the revelations of tlie 
Hpc<!l.roHeoi)o respoetiug tbo solar systom, to believe 
that all the btKlios within that systein are in a general 
Bcnao Bimilai’ly consi itiited j and if tliis bo so, there 
must, once have been oceans and air upon tho moon. 
AVluit has btsjomo of the moon’s atmospherio ouvolope, 
and of tho lunar oceans ? 

In four Hoveral ways this (piestion luia been nn- 
awerod, Homo have thought that tho ooeaus and air 
have boon withdrawn into cavitiea within tho moon's 
substance. Others huvo imagined that tho air and 
oouans may havo puHsed away to tho farther hoini- 
Bphero of tho moon. According to a third theory, a 
comet has carried off tlio lunar oceans and atmosphero. 
And lastly, a fourth theory has btjou maintained, 
according to which tho lunar air, and d furtioH tho 
lunar seas, have boon olianged by intensity of cold 
into tho solid form. 

Of tlicso theories, tho iirsb and last only seoin 
worthy of consideration. Wo soo bo muoh of tho 
moon's farther hoinisphoro during her librations that 
vro must porforco reject tho second, ovon if wo had 
any trustwort by rotwon for beliovlng so strango an 
arrangement to bo possiblo.' Tho Lliird Llmory is 

' Protfisnar Kowcuaib, of Amorion, hiui sliown oxoolloiili roosous 
(or doubUiig wliotboc ovon tihulidliplnooinoul of Iba moon's oontiru of 
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oppoaed by all that modern aabronomy bcaftlioH re- 
apoofcing the coimtitubion of cornels. 

The theory that an al.nii;i»[t 1 ioro formerly siirromiil- 
ing the moon has pasBctl witli tlio Inimr tuTfins inlo l luf 
interior of our salellite has been suppitiied by pl»y«i. 
cista of oonaideniblo mnineitco. The relatively low 
apeoiflo gravity of tho moon (litllo more than half the 
earth’s) anggoata tho poBMiliility Umt cavilioH largo 
enough to oontain even all tho walora of our own 
ooeuns may exist within the moon. Nor cIooh the fnel 
that wo can aeo no unniistiikablo nigna of ehaains 
oxtoncling deep into tho moou’s aubatatico siiflioo to 


ronclor tho theory imteualile, or even improlmblo. It 
iH diflicult to undcratand how the retreat of Ihti waters 
took place. Certainly It cannot have happened while 
tho moon's volcanic forces wore in vigorous actions 
yet a period must undoubtedly Imvo arrived when by 
little end little tho waters could rellro within the 
moon’s aubstanco without boing vaporised. From 
whnt wo know of volcanic notion on tho earth, the 
Umar voloanoos must have drawn fhjsh supplios of 
energy from tho gradual influx of water} and one can 
thus undoratancl why the aspect of (;ho moon indientes 
that up to tho last moment, bo to speak, of her exist*- 

oflUbMiod fnoti. Indopontlontly of UiU, hnwovar, the theary will 

ot Uio woon (In n p ano pmlDg; through th» earth), and endmrour 
ovon poslMon to an alnosphora ot BJedorolM extent that 

oven during tho moou’B oxtroma llbrafclOBS a« signs of the atmu- 

ftXvii uSMSsr"*■“ *“ 
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ence aa a world, tho forces upheaving her crust were 
busily at worlc. We can thus see how it haa come to 
pass that tlio moon’s surface shows so few signs of the 
action of rain or running water. 

The theory that the lunar oceans have become 
frozen, and that afterwards even the gases forming the 
lunar atmosphere have become solidified, was main¬ 
tained by Buffon and Bailly in tlie last century, and 
has been supported by several astronomers in our own 
day, In some respects, the aspect of the moon 
(especially tho absence of well-marked colours from 
bar surface) seems to favour tho theory. Nor need 
the excessive heat to which tho moon’s surface is 
exposed for weeks at a time, bo considered a sufficient 
reason for rojooting it, becanso we have no means of 
judging how that heat would act whero thoro is no 
titmosphoro to prevent its immediate and entire reflec¬ 
tion into space. Wo know that despite tho intense 
heat which is poured upon the summits of the Hirntw 
layas, tlie snow there—though a portion may melt 
during tho day—remains year after year and ago after 
age undiininished; and on tho summit of the Hiraa- 
Inyas tho atmosphere is dense and heavy oomimred 
with that whlcli exists oven in tho lowest abysms of 
tlm lunar invinos. But tho results whloh have been 
deduced from the application of Lord Rosse’s throe-feet 
luirror to tho measurement of the lunar heat, compel 
us to abandon the belief in tho existcnoe of frozen 
oxygon or nitrogen on the moon’s surfaoo, since, ao- 
oordlng to those rosalts, a large proportion of the 
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moon’s heat is radiant—in other words, the moon’s aiiv- 
face has been actually raised to a high degree of heah \>y 
the solar rays. Most physicists look with considerable 
confidence on the method by which, in the reseai'oliieB 
made at Parsonstown, an attempt has been made to cUb- 
tinguish between the heat which the moon reflects and 
that which she radiates into space. 

On the whole, therefore, the former theory seotna 
to have the strongest evidence in its favour, or rahlier 
the least decisive evidence against it. 

In considering the systems of bodies which oirol O 
around the outer planets, we are struck at once by 
several marked circumstances of contrast betweon 
their condition and that of our own moon. 

In the first place, we have no satisfactory evidonots 
that the satellites of Jupiter and Saturn turn nlwiiyB 
the same face towards their primary. It is true that 
Sir William Herschel was led by certain observations 
of the satellites of Jupiter to conclude that this rolu.*” 
tion holds in their case. But we have far stronjg^oi' 
evidence against such a view, in the fact that modorti 
observers armed with telescopes of the most oxcjuisito 
defining powers have not only been unable to con arm 
the relatively rough observations made by Herschel, but 
have noticed peculiarities of appearance only explic¬ 
able by the theory that the rotation of the satellites ia 
quite independent of their motion of revolution around 
Jupiter. Dawes, for instanoe, has observed that the 
markings seen on the third satellite, when transiting 
.Tupiter’s disc, are variable. Bond has seen this 8atel-> 
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Hto tiH n \vell-(Uilin(>(l liluc-k spot, on certain occaHions, 
while on oHnsra it has appeiirod qiiito bright on the 
cHho of tho planet. Ho onco siiw thia antellito bright 
iva it (inieroil on tho (lino of Jupiter, and about half an 
hour later as a <lai'k apot; while Mr, Prince, witl\ a 
powerfid ro(kH!(,er, haa aeon tlio aatollito dark first and 
afterwards bright. It need hardly bo said, that if tho 
salelliti! turned always tho savno face towards its pri¬ 
mary no Buoh varieties of appearance would bo pro- 
«(!u(eil during transit. Tho following passage from 
Welfij’s ‘Colostial Objects’ points strongly also to the 
conclusion that tho rotation of tho Jovian satollitos 
must ho indopendmit of tlioir revolution. After men¬ 
tioning that tlm variablo light of tho satellites may ho 
caused by tho oxistonce of spots upon thoir surface, Uo 
proceeds I ‘A stranger sourco of anomaly Ims boon 
perooived—the discs thoinsolvos do not always appear 
of tho samo size or form. Maraldi noticed the former 
fact in 1707, Hersohol ninety years afterwards infer¬ 
ring also tho latter, and both have sinoo been con¬ 
firmed. Rear and Miidler, Lassoll and Seoold, have 
BomotimoH seen the disc of tho second satollito larger 
than that of tho first} and I<aBsell, and Sccohi and his 
assistant have distinctly scon that of the third siitellite 
irregular and elliptical; while, according to the lloinmi 
observers, the ellipse does not always lie tho same way,’ 
It will easily bo soon that those peonliaritios in- 
dloiito tho oxistonoo of dark markings on those bodies, 
and that, as tlio satellites rotate, tho varying position 
of those marltingfl oausos i;ho satellitoa seemingly to 
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olmtiga in figiu'o hIiicio the briglitor parli of Iho siitolliUi 
wonltl ho that which would detormino il« npjnirpnt 
flgui’o. And further, Hinco tlio ohnngo of flgiiro »Ihiw« 
no correHpondouco witli tlio poaition of the HiitcIlitcH in 
their revolution, wo infer Mint their revolution in in- 
depondont of their rolntion. 

It is Avorthy of iiotieo, however, that even if the 
inner flatollitea turned idwaya the HairiM fnc?e tow/irtl* 
thoir primary, the peculiarity wouhl nol, (a« in tlio easo 
of our moon) result iu an inordinuto lengthcjiing of 
their diurnal period, since Jupiter’s two inner wilellile* 
ooinpleto a vovoliition In 1 day 18ijr lioura, mul 3 
days IS hours respoctlvoly; Avhile tlio rcivolutiorm of 
Saturn’s five Inner Batellitos are sovomlly ncaoirtpliehed 
In 22^ hours, 1 day 0 hours, 1 day 21 hours, 2 days 
18 hours, mid <1 days 12^ hours. 

So far as ive can judge from Lnplaoo’s esUinates, 
tho spociflo gravity of Jupiter’s luoona must be very 
small, ranging from ono-tliird to two-thlrds of the 
moon’s speoKlo gravity. But very little relintico 
can bo placed on these results, beoauso the only 
evidence we have rospeoting the inuss of tho Btitellites 
is that founded on tho perturbations to wlvloh tliolr 
motions are subjected, and it is very diffloiilfc indeed 
to estimate those perturbations. When to this wo add 
tho oiroumstanoe that little relionoo can bo plaoed on 
moasuroments of the minute diso presontodl by the 
satolHtes, it will bo soon that our osblmnte of Urn 
spoolflo gravi bloB of these bodies can nob by any means 
bo regarded'ns t^iulworthy. 
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As seeu from hie Batellites, Jripiter nraab present 
o magnificent scone. To the inliahitants, if such there 
nro, of the innermost eatellita, ho exhibits a disc nearly 
twenty degrees in diameter. Tims, whereas there 
might be about 700 moons auoU as ours placed all 
round our horizon, the disc of Jupiter, as seen from 
the inner satellite, would occupy a full eighteenth part 
of the horizon’s circumference. The diso of Jupiter, 
ns so seen, would cover a apace oh the heavens ex¬ 
ceeding more than 1,400 times that which our moon 
covers. To the second satellite, Jupiter presents .a 
diso about 12^ degrees in diameter, or about 600 times 
ns large as our moon’s. To the third satellite he shows 
n diso about degrees in diameter, or more than 200 
times the size of the moon’s. And lastly, the in¬ 
habitants oven of the furthermost satellite see him with 
a diameter of about 4^ degrees—that is, with a diso 
more than 6£i times as largo as that of onr moon. So 
that, if the views I have put forward respecting Jupiter 
bo correct, the enormous space he covers on the skies 
of his rospootivo satellites must suflBioe to compensate 
in part for the relatively small amount of heat which 
ho can be supposed capable of omitting. 

If the satellites rotate with a motion in dependent of 
their revolution, Jupiter passes across their skies like 
a vast moon, exhibiting phases suoh ns those presented 
by ours, but on a far vaster scale. But besides his 
phases, he must exhibit, to the inhabitants of his satel¬ 
lites the most marvellous iiicturo that can be conceived, 
His bolts’ohang68 of ilgare and colour, only rendered 
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vi&ible to our astronomerB by powerful telescopic stid, 
must be distinctly visible to creatures on his satelHt^cSi 
and cannot but afford reasoning beings on those 
a most astounding theme for study and admiration* 

To the inhabitants of the satellites which olrclo 
round Saturn, the ringed j)]anet must present an oven 
more interesting spectacle. His disc as seen from tXxo 
nearest of his satellites has a diameter of 17 degreOB 
and an apparent surface exceeding more than OOO 
times that of the moon. From the farthest satellito 
his disc is leas than a degree in diameter, and bhereforG 
not quite four times as large as our moon*s. Betv?^ean 
these limits the apparent size of Saturn varies a a vfO 
pass from satellite to satellite; bub from the 
satellite his apparent surface is twenty-five times, wliilc 
from the seventh it is sixteen times as large aa tBc 
moon's; so that the outer satellite is quite exoei:)- 
tionally circumstanced in this respect* 

It is not so much from the apparent size of hia disc, 
however (though in the case of all the inner satellites 
that must be a most remarkable relation), as from tbo 
peculiar character of his ring-system, that Saturn would 
derive his chief interest. It is true that the imaor 
satellites travel nearly in the plane of the rings, so tbafc 
these are always presented nearly edgewise. But oven 
so viewed, the rings would present a most striking^ ai> 
pearance, Frpm the inner satellite, indeed, the extroino 
span of the ring-system is more than 90 degreeB ; ^ ao 


^ About 98® acoordlng to the best estimates of tbe dimonsion* 
of the rings and the distance, of the satellite. =. 
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that whea one extremity is seen, on the horizon the 
Bystem would appear as an arch thickest in the middle, 
extending over an arc of about 93 degrees, and having 
the disc of Saturn at its centre. When the whole of 
this arch is illuminated, Saturn is ‘ full’ 5 at other times 
he presents all the phases shown by oim moon, and 
the arch of light is correspondingly shortened. Saturn 
‘full’ and in the zenith, with the ring-system de¬ 
pendent on either side of his disc, must be a glorious 
spectacle as seen from certain regions of his innermost 
satellite. The display would diminish in grandeur, 
though not perhaps in interest, os seen from satellites 
farther and farther away. But the inhabitants of the 
outermost satellite of all have the privilege of seeing 
the Saturnian ring-system opened out much more fully 
than as seen from the other satellites, since the path of. 
this moon is inclined some 16 degrees to the plane of 
the ring. 

Of the satellites of Uranus and Neptune little can 
be said, because so little is known either respecting 
these orbs themselves or their primaries. It seems 
clear that Sir William Herschel was mistaken as re¬ 
spects four of the satellites of Uranus ho supposed he 
had detected. Uranus has but four known satellites 
and Neptune only one. Possibly other Uranian satel¬ 
lites may one day be discovered, and Neptune also 
may possibly have several satellites oircling around 
him. But only the five bodies above-mentioned are at 
present known. 



OTUBR WORim mAN OUllB. 


m 


CHAl'Tl'Ul IX. 

METE0I18 AND COME'iW} TJIIilll Ol'EJOlS IN 'miJ SOLAU 
BVEri'EM. 

Tueuk are fow more intoroBtlng oluiiilora in tlm hiBlorj 
of iifttronoiny tbmi tlint whbsh (UjiiIh with thu gradual 
iulroduotion of moteore inlo an ijiiportMiifc yoaitioJi in 
tho economy of the solar eystein. Itegardod for a knag 
llnae as eimjily atmosplaorlo phonomoua (though raimy 
anoient phlloflophora hold miolhcr opinion), it him only 
been nftoi' a long and peralstout Borlea of reacarchea 
that they have oorao at length to bo regiutlcid in their 
true light. But though tho history of those vBaoarobos 
is not only full of iuteroat, but highly inHlructivo 
and onoouraging, this is not tho pkco for ontoring at 
loijgth into its dolnils. I must present fnotH nud oon- 
oluslons, rather than the uorratlvo of obsorvatlau* or 
oaloulattonB by whieh those faels and oonolualons have 
boon established. Nay, it would seem at first sight as 
though oven the nature of luetoora oould have very 
little to do with the suljootof this treatise, aiaoe wo 
cannot suppose those sinaU bodies to ho Inhabltod 
worlds. It will be found, however, that, though this 
Is oertninly true, there ore reasons for belfovlng that 
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tnoteoxa are associated in a very intimate manner with, 
the general relations of the family of worlds forming 
the solar system. 

Under tlio head ^ Meteors ’ I include all those objects 
whioli reach the earth’s atmosphere from without, 
whether they actually make their way to her surface 
unbroken, like the aerolites; or explode into small frag¬ 
ments, as bolides and fireballs have been observed to 
do ; or are apparently consumed in traversing the upper 
rogiouB of the air, as happens with shooting or falling 
stars. All these objects, wo now know, represent in 
reality bodies of greater or less size, which, before 
their cnconntoi: with the earth, were travelling around 
the sun in orbits of greater or less eccentricity. The 
loi’gor masses, though they must be very numerous 
(or our eiu'th would not once in many ages encounter 
any of thom), are yet relatively few in number as com- 
X^ared with fireballs, and still more so in comparison 
with shooting stars. It has been calculated, indeed, 
that these last are so numerous that the earth, in passing 
through a region of space equal to her own dimensions, 
must encounter no less than 18,000 of them; while of 
yet smaller bodies, whoso passage through oar air would 
only bo reoognisiible by telescopic aid, she is supposed 
to ouoounter as many as 40,000 within a similar sx)ace. 
Without laying great stress on these calculations, we 
ihay yet feel quite sure that the earth must encounter 
enormous numbers of these bodies, from the mere fact 
that, though at any fixed station but a minute slice (so 
to speak) of the earth’s atmosphere is within view, and 
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even but a portion only of that slice visible to a single 
observer, six or fieven falling stars on the average natvy 
bo seen during each hour of the night. 

It will be seen, then, that a problem of the utmost 
importance was involved in the question whether thioso 
bodies came from the interplanetary spaces, or 
the region of space over which the earth’s own attrac¬ 
tive energies prevail. Now that we know the former 
view to be the true one, we recognise the fact tliafc, 
though each meteor may be individually insignificixn t> 
the meteors of the solar system, looked on as a single 
family, form a highly interesting and important poi^tion 
of the 8un*s domain* 

But now a yet more significant relation has to be 
considered. Regarding meteors as ^planetary boriioBj 
they might yet be relatively unimportant, if we bad 
any reason to believe that they form a sort of zono or 
belt near the earth’s orbit, resembling in a sense the 
asteroidal zone, only composed of for smaller consti¬ 
tuent bodies. We could not then infer from the numb or 
of meteors encountered in a given time by the earth, 
the largeness of the total number of these bodies ; for 
it might well be that this zone had no counterpart, 
either in the outer part of the planetary system oi' 
within the orbit of the earth. What has actually been 
discovered, however, respecting the paths along which 
the meteorio bodies have reached the earth, immensely 
enhances the importance of these objects. 

It has been proved, on evidence perfectly incon to st¬ 
able, that two welbrnarked meteoric systems travel in 
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orbits of onormous eccentricity. The August meteors 
travel on a path so eccentric that in the neighbourhood 
of the earth’s orbit it may be regarded as almost para¬ 
bolic in figure. That it is not absolutely parabolic is 
shown, of course, by the fact that a period has been 
assigned to the revolution of the members of the gone. 
No observations have indeed been made by which as¬ 
tronomers could determine the orbit of these meteors, 
since for this pui'pose an exact determination of the 
velocity with which they enter the earth’s atmosphere 
would be requisite, while the observations actually 
made to determine then velocity are confessedly in¬ 
exact* But an association, altogether too close to be 
regarded as accidental, has been discovered between 
their orbit and that of a bright comet which appeared 
in 1802, and this, combined with what has since been 
established respecting the relations between comets and 
meteors, enables astronomers to adoi>t quite confidently 
the orbit of the comet as that of the meteoric system. 
Now a period of 146 years implies, according to Kepler’s 
law, an orbit having a mean distance neai^ly equal to 
that of Neptune* And since the orbit is so eccentric 
as to bring these bodies close to the earth when they 
are near perihelion, it follows that their ai^helion 
distance must exceed their mean distance in the same 
degree* Hence the aphelion point of the August 
meteors must lie nearly twice as far away from us as 
the orbit of Neptune, 

The November meteors have been shown in like 
manner to travel in a period of 33^ yeai’s around the 
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BT 11 I 5 the aphelion of their orbit lying far beyond tX\o 
path of Uranus* 

So far, then, as we can judge from the only t-'WO 
meteoric systems whose orbits^ can be said to 
been satisfactorily determined (though there are 
other systems whioh have been associated with known 
comets), we ore led to the conclusion that the meteox*xo 
orbits are for the most part eceentiic. We krioW> 
further, that they are inclined in all directions to tlx*' 
plane in which the earth tiavels, because we see fclxtifc 
their constituent bodies fall upon the earth in dii"mo¬ 
tions which shows no tendency to near coincidence “wxtli 


the ecliptic. 

These two circumstances are full of meaning. If 
the meteors travelled in nearly circular orbits «xt u 
mean distance nearly equal to the eartVs mean clia- 
tan oe from the sun, then the earth would be certaixx to 
encounter meteors in the course of her orbital motion 
round the sun. Again, if the meteors travelled 
eccentric orbits, whose perihelia lay within the ear tlx* a 
orbit, and if these orbits all lay in or near the platro of 
the earth’s path, the earth could not fail to eucouxxtor 
meteors as she travelled round the sun. But under tlio 
actual clroumstanoes—^the mean distances of the 
teorio orbits being in no way associated with the eai'tli’'» 
mean distance^ and the inclination of these orbits to fclio 
ecliptic not being in any Avay limited—the two queshiojxfl 
are at once suggested, (1) What is the A priori cliaTXca 
that the earth .wotdd , encounter the members of., ixxiy 
meteoric system taken atrandom ? aia^,:( 2 )ilf this olxtxxiLce 
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be small, what ie the conclusion to be drawn from the 
Fact that the earth encounters meteors belonging to 
many systems ? the number already recognised being 
ueoi'ly sixty* Assigning elements at random to a 
mote or system, wo see that, unless the resulting orbit 
Fiotiuilly coincides with the plane of the ecliptic (a 
rolation which would not happen in a million trials), the 
orbit will iutorseot that plane in two points, lying on 
a etraiglib line through the sun* And for the earth to 
encounter inembors of the meteoric system, it is requi- 
Hito that one or other of these two points shall lie close 
to the earth’s orbit* But these points may have any 
position whatever in the plane of the ecliptic, and the 
chance that one of them has the requisite position may 
be regarded as indefinitely small* It follows, then, 
that the & chance of the eai’th’s encountering the 
rnombers of a meteoric system is indefinitely small; 
and honco we conclude that the number of meteoric 
system 8 of which she passes wholly clear is indefinitely 
groat, in comparison with the number whose members 
she encounters. But she actually encounters meteors 
beloiigiiig to inore than four hundred systems* Hence 
the total number of meteoric systems belonging to the 
planetary scheme must be an indefinitely large number 
of hundreds—or in other words, it must be enormously 
beyond our powers of conception, 
i :i This being so, it behoves us to inquire, first of 
all, what extent we must assign to individual meteoric 
systems, and how densely we may suppose meteoric 
masses to be strewn along each system ; and secondly, 
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what may be the nature, quality, and substanoo 
these meteoric masses. For we begin to see that Wes' 
are in the presence of relations which may—or 
should rather say which must—affect most imporl uiit ly 
the economy of the solar system, 

Now wo have aeon something already of the loii|^**‘ 
tudinal extent of meteoric systems, since that extr» i»^ 
corresponds to the circumference of meteoric orliit *»» 
and wo have seen that these orbits have enormotA** 
dimensions. We may indeed suppose that in 
cases the whole extent of an orbit is not occupied Vjy 
meteoric masses at any one instant t but even wlio>*» 
ns in the case of the November meteors, the 
displays wax and wane in sidendour, there is no absolut tA 
coRBotion in the ocourronoeof star-falls on the date ut»r— 
responding to such a system. And taking full aocouwl. 
even of the inarlcod diminution which actually oooui*** 
we tu-e yet compelled to assign an enormous loujifi- 
tudlnal extent to that portion of the system whhsli lia** 
been poetically termed ‘ the gem of the metoor-riim'. * 
For example, in the November meteor systoiiii tli lw 
portion of the rang cannot bo loss than 1,000,000,000 
miles in length. As to the width of a meteor syateiii 
that is, its extent in a direction measured in the pdiUKS 
of its orbit—we haveno satisfactory information, bacaui»<s 
a meteor system may extend enormously on either wldei 
of the point through which the eox'th’s orbit intersoofcB 
it, and yet no trace of that extension bo rooogniJ»eicl 
by observers on the earth. Still we may oonokadlia 
that this dimension lies in extent somewhere betw-rs^ui 
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the longitudinal extension of the system and the depth 
of the meteor zone—that is, the length of a line taken 
through it, square to the plane in which it lies. Now 
of this last dimension wo can form a tolerably accurate 
estimate in many instances, We know that so long ns 
meteors belonging to any system are flashing into view, 
our earth is still plunging through the system; and if 
we know the position of the system, we can determine 
its depth in this way, just as wo could determine the 
breadth of a range of hills if wo noticed the time oc¬ 
cupied by a train, travelling with known velocity, in 
passing through a tunnel which traversed the range of 
hills in a knoAvn direction, Judged in this way, the 
depth of the November meteor zone would seem to be 
100,000 miles in the part traversed by the earth in 
1866, about 60,000 miles in the part traversed in 
ISO?, and consiclcvahly greater (though the zone was 
more sparsely strewn with meteors) where the earth 
crossed the system in 1868, 1869, and 1870. 

Noav as regards the density with which meteors are 
strewn in any known system, I must remark on a 
mistake whioh has been sometimes made. It has not 
been thought necessary to consider the velocity with 
which the meteors tliemselvos travel, as Avell as the 
earth’s velocity, in order to determine from the average 
interval of time separating the appoaranoo of successive 
meteors the average distance separating neighbouring 
meteors from each other. This, however, is an erro¬ 
neous mode of dealing Avith the problem, We must 
consider the meteoric velooity, since the meteoric 
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motions manifestly tend to affect the total mimber ^ 
encounters.' Lot iis apply this consideration to oM"* 
able ns to form a rough estimate of the number of 
bodies in the richer part of the November mefcoor 
system. We may fairly assume that, taking blio 
average of the four displays of the years 1866 - 00 * 
the earth encountered more than one meteor 
minute as she swept onwards through the systena } 
or, conveniently for our purpose, that an averagro 
distance of 1,000 miles separates meteor from meteor 
throughout the ‘gem of the ring.’ Now the length of 
the great cluster is at least 1,000,000,000 miles, 
thickness may be fairly assumed as averaging 100,000 
miles, and its width can hardly bo less than ten times 
its thickness, since the forces acting on the sysbeiiri 
tend much more lorgely to affect its width than i ts 
thickness. Thus, with the assumed average of dis¬ 
tance (1,000 miles), we find that the cluster cannot' 
contain loss than (1,000,000 x 100 x 1,000) or one 
hundred thousand million meteors I 

Prof. Alexander Horsohel, from observations of 
the amount of light given out by these bodies, and a 
calculation founded on the velocity with which tlioy 
penetrate our atmosphere, has come to the conolusion 

^ Obviously fcho total numbor of raotoorfl onoountorG^ clurlti|^ 
tho cattVfl passfij^p through a meteor si roam will be the nnml>or 
oontalnc^ In a oyllndrloiil space having a oross-sootlon equal to 
oarth’Sj and travorsing tho moloor stream from side to side* Tho 
motion of blm motoore will affoob the sot of motoorsi 

aotuaUy found tho earth traverses it, and will 

also aflfeot their number; asanming i\ gonor«d uniformity of mo too 
(llslributiou. 
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tlint they miiHfc, for tl\e most imrt, be very small, 
mroly, perhaps, exceeding a few oiineoa in weight. 
We shall certainly not exaggerate their weight if we 
assign one-hundredth part of an ounce to each. We 
thus obtain for the weight of the whole clnster one 
thousand millions of . ounces, or about 28,000 tons. 
The actual weight of the November meteor system 
oannot however but enormously exceed this amounts 
and therefore wo recognise how erroneous that opinion 
is which an eminent astronomer has expressed, who 
assorted that the united weight of all the bodies 
other than planets in the solar system must be es¬ 
timated rather by pounds than by tons. Wo have 
certainly no reason for thinking that the November 
system,-though one of the most important encountered 
by the earth, is exceptionally important in the solar 
system. On the contrary, we have every reason which 
the laws of probability can afford us for believing that 
there must be millions of systems equally or more ex¬ 
tensive. . And further, the fall of enormous masses, 
inany tons sometimes in weight, upon the earth, 
would point to the conclusion that the members of 
the November system are exceptionally insignificant 
as regards their individual dimensions. So that we 
seem forced to the conclusion that the aggregate 
weight of the various metoorio systems oiroulatiug 
avoimd the sun must be estimated by billions of tons 
rather than by any of our ordinary units, 

I have already referred to the relation which has 
been detcoted between comets and meteor systems. 
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Perplexing an kho rotnlion ftppeiirH, ib hnn been 
bliBhcd on evideneo wlilch cimnnb retiRoniibly Im 
putedi It carrioH with it roKulta of extreme inlt*r*?^t 
and importanofl. 

I do not propoflo boro to miter into any 
don of tboHO enormcmHly dilflcult quoatioim wbit-Ii n.rt^ 
snggoatod by tbo atndy of eonietio idionnmeniu 'I'liftt 
they will bofnvo very long vecoive their wilulioit J 
coiifldeiiUy believe} but in tlio prenmit Rtiilo tjf our 
Icnowledgo it would indeoil bo hnmrdona to Hpecnlff*.* 
as to wlmt that Molution may be. I may renutrht, i « 
pausing, that while I recogniso in recoully prorwtil” 
gated thoories on the Bubjeet llio indiwition of n 
higlily Biiggostivo and proiniHing lino of roHmroh* I 
oannot but feol that cometlo phonoinona are fiir t«Ki 
ooinplioatcd to bo dtreetly aocoimtocl for in any of flse 
wnyB pointed out of lato by phyBicistB, Botno of tlxe 
more obvioua, mid, I may add, tlio more gc!rmr8«.l !y 
known phonomonn, do indeed appear to rooelvtBi n 
Bolution when oxamined under tho liglit of restmiil 
reacivrohea, but numbern of othora not only remaklii 
unaccounted for, but Btiind apparently aHogtsLltcfr 
opposed to fluggoBtod tlicorioa, 

For my proBont purpoao, however, tho faotu io laa 
principally noticed nro in a soubq independent of liny 
views wUoh may bo forinod roapooting tho iiatuj*!®' nf 
ooinoba. Wo know that IhodiinonBionB of thoBO 
are in many ousob onormous, Wo know, fiirtlmr, t-liafc 
thoro must bo many UiousandB of comota roiimiritxijg 


undisoovered, for eaoh that our astronomera 
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detected I And, lastly, we are led to recognise the 
ohserv^ed association between certain meteor systems 
and certain comets as indicative of a general law by 
which, in some way as yet unexplained, comets and 
meteors are associated together. Thus, independently 
of the considerations already adduced, we are led to 
the conclusion that meteor systems must be very nu¬ 
merous ; while from the fact that a meteor system so 
important as the November stream is associated with a 
comet so insignificant as TompeVa, we conclude that 
those magnificent comets which have blazed in our 
sides—a source at once of wonder and perplexity to 
the astronomer—must be associated with systems of 
bodies incaloxilably more important than the meteor 
system which has so often filled the heavens with 
falling stars* 

Combining all these results, we seem fairly led to 
the conclusion that purposes of importance in the 
economy of the solar system are probably subserved 
by these uncounted thousands of meteoric streams. 
If, indeed, we could suppose that the planets steered 
clear of them, and that the bodies oomposing them 
simply circulated unceasingly in their orbits, we 
might form another opinion. But we know that 
meteors are continually falling upon the atmosphere of 
our own earth, either there to be dissipated into finest 
dust, or to pass onwards, with or without explosion, to 
the actual surface of the earth; and we cannot doubt 
that in a similar way countless thousands of meteors 
are falling, not only upon all the primary members of 

0 



194 OTltm WORim TJlIAlf OVM. 

tho Holar ayatom, biib upon UBU-rolda and ankdUlcfl-— 
nay, are oven atreaming in among Die ininuto bodioa 
oompoaing tho riiiga of Saturn. Tlioao onooimtorB 
cannot bo wholly without roault, and it i« qnito con- 
oeivnblo that xnoat injuvioua oonaequonooB might onano 
to tho iulmbitanta of all tho world a in tho acilnr ayatern 
if tho oontlnual aupply of mtstoorlo jnattor woro im- 
portfintly diminiahed. 

Now, If motoorio innaaea fall aontimiully upon tho 
planota, auoh inaaBoa must fall In nurabora inconoolv- 
ably greater upon tho auni and It ia hero, unloaa I 
miatake, that tho great purpoao of tho motoorio ayatema 
beoomos apparent. 

Lot u8 oloarly rooogniao, however, why and how 
tho Bun must bo aaaaultod by a continual Inmah of 
motoorio boclioa, Wo have aeon how onormoua muat 
bo tho number of thoao bodioa} wo know how axdlftly 
they travel, and on wlmt oooentrlo orhitaj but we 
muat go farther boforo wo can prove that they fall 
upon tho Bun, For oxamplo, the Novomhor motoora 
aro onormoua in number, and travel with onormoua 
velocity in a vdry oooontrio orbit, but they do not np- 
proaoli tho aim within a dlatanoo of nearly 00,000,000 
miloa. Nor, indeed, oan any Icnown motoorio ayatora 
pour a ateady boil of motoora, bo to apeak, upon tho 
aun j for ho ia tho ruling centre of every inetoorio aya- 
tom, and tboroforo under ordinary oiroumataneoa tho 
motoorio orhita muat poaa around him, and not in auoh 
dtroctlona aa to inberaoot hia aubBtanoe* 

But it la to bo remembered tha^ baoteora muat b<x 
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Infinitely itioro crowded in the neighbourhood of the 
«un than at a distance from him. An indefinitely 
large number of meteoric orbits must absolutely in- 
toreect in the immediate neighbourhood of the snn; 
and collisions must bo continually taking place as 
countless thousands of meteoric flights rush towards 
and past and then away from thoir perihelia. Whero 
these perihelia lie close to the sun the velocity with 
which the meteors travel must exceed 200 miles per 
secondy and thei'efore the collision even of two minute 
meteors must result in the generation of an enormous 
amount of light and heat. But that is not all, 
Amongst the collisions thus continually taking place 
In the sun's neighhoiurhood there must be a consider¬ 
able proportion in which the two bodies are brought 
momentarily almosc to rest by the shook. In such 
oases the combined mass of the two meteors would fall 
directly upon the sun, a fresh sui)ply of light and heat 
being generated as they wore brought again to rest 
upon his surface. 

Whether in the continual collisions of meteors 
amongst themselves, and in thoir precipitation upon 
the sun’s surface, we have a sufilcient explanation of 
the seemingly oxhnustloss emission of light and heat 
from the sun, I should not oaro positively to ussort. 
Sir W, Thomson, who was one of the first to adopt 
this view, has now abandoned Itj though it is worthy 
of remark that the sti'ongest evidence in its favour 
has been obtained since he withdrew his support 
from It, or at least admitted that the downfall of 
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meteors on tlie sun’s surface is not aZowe sufliolen t t.o 
account for the solar light and heat, But so far ftB 
can judge, there is no flaw in the evidence I 
adduced from the laws of probability applied to iro- 
cent discoveries; and that we are bound to acooi>t 
as a legitimate oonolusion from that evidenoo fcbi<^ 
theory that at least a proi)orbioii of the 8un*s 
is supplied from the meteoric streams which cirovl’* 
late in countless millions around him. It oan 
longer be believed, however, without adoptingf 
reasonable assumptions, that the whole of that oxioi*- 
mous supply of light and heat which the sun 
emits on every side is derived from the meteoric 
streams belonging to the solar system or drawn ill 
from surrounding space, as the sun, attended by 
family of planets, sweeps onwards amid the stall fir 
groups. 

If this view were correct, then the meteor systoiriB 
would constitute indeed a most important part of tbo 
sun^s domain. They might be said almost to sbfira 
with the sun a title to be regarded as the source of nil 
the forms of force which exist throughout tho BOlfxr 
system* If in the energies of living creatur e a on 
earth, in the forces derived from the fuel that p>ropolB 
our engines, or in the power of winds and storms, wo 
trace the action of the ruling centre of the solfti: 
system, we might trace hack the chain of causation y ot 
one link farther, and see in the sun^s emission of lijg;bti 
and heat the result of forces inherent in the meteoric 
systems which circle around him* 




METEOMS AND GOMBTS, 


m 


But we must not forget one most important oon- 
flidomtion, whioli would make the sun (as might bo 
anticipated) again the chief source of all the forms of 
force existing within his system. The motions of the 
meteoric masses ai'o almost wholly duo to the sun’s 
attraction 5 and therefore, in so far ns those motions 
al'o to bo regarded as a means of renewing the solar 
heat, we must regard the sun’s attractive energy as 
the source whence his heat and all the other forms of 
force which he exerts oi’e in reality derived. 

Yet one step farther. The sun’s attractive energies 
might be increased a thousand-fold, and yet not avail 
to supply the various forms of force which are required 
by his dependent worlds, were there no external mate¬ 
rial on which those energies could act in such sorb as 
to lead to the continual inrush of matter upon the 
solar surface. Nor would it suffice if such materials, 
even in enormous quantities, existed cloae to the sun. 
It is the distance from which that material is dragged 
towards tho sun which gives that orb the power of 
imparting those tremendous velocities to which tho 
collisions of the meteoric bodies owe their real effect- 
ivonoBS. We thus find in distanoo^ in the simple 
element of scale, the true source of the various forms 
of force which ai'e continually exerted throughout tho 
solar system. The sun surrounded by millions on 
millions of meteoric masses oloae at hand would bo 
powerless; bub placed as ruler over a space far wider 
fihan the sphere circled by Neptune’s orbit, amidst 
which spnee those countless millions of meteors are 
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diBtrlljutocl, ho becomoB forthwith the oontr© of » 
thousand forms of energy, gatlierod by him oontiwanlly 
from tho syatems of motoora oiroling around him* ft'id 
diatributed by him abundantly and without ooaning to 
Ida depondont worlds.* 

It will uot fail to bo noticed by tho thouglitfiil 
reader that, adopting this view of tho relation in whloh 
motoorio and comotio systems stand with rospeofc to 
tho sun, it souins necessary that wo should regard 
those planets which I have endeavoured to mfao to 
tho dignity of socondary suns, as subordinate oentrcs 
of attraotion, around whioh oountloss thousandn of 
motoorio systems may bo supposed to oirolo. Have 
wo any ovldonoo pointing to suoh a oonoluaion P 

Now there can bo no doubt that if Jupitor, tho 
nearest of these socondary suns, did so not upon a 
passing oomot as to oompol that body to oirolo in 
future around /tim, instead of pursuing its courao 
around tho sun, wo ooukl not In any way boeomo 
oognisanb of tho ovont uuloss tho oomot wore nu ex- 
ooptionally largo ono. I oonooive, however, that euoh 

' Jaat tw) tlila work (Uw rtrati otliUon) was abont to bo plnood 
In lliQ iirlutor's bands I rooolvod from Protossor Klrkwotkl, ot 
Amorloa, ono o! bis volnablo oontrlbutlous to Urn history oC tbs 
solar systom. In lb ho ])oln(« to tlio ovldonoo wo hnvo that bho inn, 
as bo spoods onwards bhrougb apaoo, passes through roglon* In 
wblob oomotio nnd motoorio mnlorlals nro now richly, now B]mra#ly 
Btrowu, and (jjatbors la nooordlngly now stores OH Jloroo of gro«n«p or 
loss amount. 'Pho boarlng of tho views of this ooubp and *o«od]y 
reasoning asbronomor (blio Kepler of our day), nob only on (lie 
thoorlos dealt with In the above eimpter, bub on bhoso oonalderod 
In the obaptors wblob follow, will be soon ab otteo. 
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Fiti event, tliougli undoubtedly possible,^ must 
uncommon that the number of cometio systems thus 
forced to own Jupiter as tbeir centre of attraction 
must be relatively few* But in. another way the 
I)lanGt does exhibit his power as a comet-ruler, making 
oomets recognise him as a sort of subordinate master, 
the sun being their primary ruler. When comets 
coming from outer space pass near enough to Jupiter, 
he sways them so markedly from the orbit they are 
pursuing that the scone of encounter becomes the 
ai)helion of then* orbit, or nearly so. Thence they 
pass on their new orbit to their perihelion, returning 
again presently to the scone of their encoimter with 
Jupiter, and so revolving in an orbit having its 
aphelion close by the orbit of Jupiter, ixntil haply tho 
giant is again near the scene of encounter at the 

* It is aooossavily poaslblo In tlio case of nny planobi but must 
111 many cuaos bo liighly impiobablo. For oxamplo, astronomors 
somotlmcH fissort that niotoorio iiuvshos pauBiiig noar tho oarth 
nilgiit bocomo BiUolUtOfl of lioifli but in reality this is a very un¬ 
likely ovoiit, booiuiflo tho niiiximum voloolty which a body travolUng 
uiulor tho earth's Influonoo oan liavo (that is, tho voloolty acquired 
by a body travolllug from InHiilty to a porlgoo oloso to tho earth) 
is loRfl timu tho voloolty with which a body oirollng on any orblb 
round Iho sun would move when at tho earth's distanoo from him, 
unless its orbit woro very oooontrlo aud tho aphelion oloso by tbo 
oavth's orbit, llodlos travolllng from outor apaoo towards tho aim 
cannot by any possibility boooino aatollltos of tho ourbh, booauso 
they would always havo a voloolty grontor than that wliioh her 
at-traotlon can mnstesv. Bvon In tho mro ovont of thoir grazing 
Iter atmosphere, and bo losing a largo share of thoir voloolty, thoy 
could not booomo pormanont satolUtos of hors, because, returning 
to tlio soono of oncouutor, thoy would loso yet a larger eharo of 
thoir voloolty, and so must bo brought, and that soon, to hot 
Burfaooi 
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moment when the comet comes back to it. In th is 
ease a fresh struggle takes place, the overmastoringf 
attraction of the planet necessarily prevailing, and fclio 
comet being often dismissed on a new orbit, wlioso 
perihelion, instead of its aphelion, lies close by 
orbit of Jupiter, 

Now we know that such events as these must bo 
of frectuent ooourrence as Jupiter sweeps swiftly round 
on his orbit. For we recognise several comets wMcli. 
have evidently been compelled by Jupiter to take u|3 
such orbits as I have spoken of—a family of comets* 
in fact, including Encke’s, Faye’s, and Brorson’s* 
Winneoke’s short-period comet, and several others. 
We judge further, from the laws of probability, that 
for each discovered comet of this family there must 
be thousands which have escaped detection. So thevt 
around the orbit of Jupiter (if not around Jupitor 
himself) there cling the aphelia of myriads of 
oometic orbits whose perihelia lie at all conceivable 
distances from the sun leas than the distance of 
Jupiter, 

Saturn also has his family of comets j so also have 
Uranus and Neptune. The comet associated with tlio 
November meteors belongs indeed to the Uranian 
comet-family, and the epoch (128 a.d,) has even beoxi 
pointed out when this comet may have fallen under tbe 
dominion (subject always to the sun’s superior control) 
of that distant planet. 

And here I may refer to a view which I have long; 
entertained respecting the purposes whiph meteoi’io 
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atid oomotio systema have fuKillod in the past history 
of the solar system.' Wo know that the materials 
composing motoors, and wo conclude, theroforo, that 
thoao composing comets, do not differ from those which 
Gonatituto tho earth and sun, and presumably the 
planets also. Thorefoi'e under tho continual rain of 
meteoric matter it may ho said that the earth, sun, 
and iilanets are growing. Now tho idea obviously 
Buggeats itself that tho whole growth of tho solar 
ayatom from its iwlmal condition to its present state 
may have been clue to procossos resembling those 
wliioli we now see taking place within its bounds. It 
la of course obvious that if this bo tho ease, tho number 
of meteorio and cornetio systems must have boon 
enormously greater originally than it is at present. 
Countless millions of meteorio systems, travelling in 
orbits of every degree of occontrioity and inclination, 
travelling also in all conooivablo directions around the 
centre of gravity of tho whole, would go to the making 
up of each individual planet. A marked tendency to 
aggregate mound one dofinito piano, and to move in 
directions which, roforrod to that plane, corresponded 
to the present direction of planetary motion, would 

* 131 noo tho proflonb ohaptoi* wtia ^vrltlon, I 11 ml that fcUo hypo- 
horo pub for wind hita In a goiicral way boon touohod on by 
more than ono astronomor and phyalolat I bollovo, liowovor, that 
licrO) for tho drat llmop iti hiia boon astjoolatod with tlio ohlof 
fofttiircB of tho flolar ayatora* It woa suggostod in note n (Appon- 
dlx) to my troatiao on Baburn. Hub m ii matter of faot, whon thnb 
no bo wna written* aa alao whon tho»o paasagoH woro publUhod in 
wbloli tho aauio liypothoala la doalb with by othor mibliora, doolslve 
oviclonoo In favour of tho theory waa wanting, 
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Buffice to account for the present state of things* 
effect of multix^lied collisions would necessarily be 
eliminate orbits of exaggerated eccentricity, and 
form systems travelling nearly in the mean piano 
the aggregate motions, and with a direct mofciott* 
Further, where collisions were most numerous, tliox’O 
would be found not only the most circular resul bixiS* 
orbits, not only the greatest approach to exact coixx— 
cidence of such orbits with the mean plane of the whol^ 
system, but the bodies formed out of the resulfcii^S* 
systems would there exhibit rotations coinciding mo»i> 
nearly with the mean plane of the entire system.' 

It seems to me that not only has this general vic^W 
of the mode in which our system has reached its 
sent state a greater support from what is now aotutvlly 
going on than the nebular hypothesis of Laplace, 
that it serves to account in a far more satisfactory 
manner for the principal peculiarities of the solcvt 
system. I might indeed go further and say tlxtxfc 
where these peculiarities seem to oppose themselvoa to 
Laplace’s theory, they give support to that whiola X 
have put forward.^ 

» This conolusion doponds on a well-known law of probability. 
It may bo thus iilustrateclIf wo have in a bag a million wliltc 
and a million blaok balls, and take out at random a number ofi botllif# 
then the larger that numbor, the moro nearly (in all p^obabllltiy)^ 
will the liumbof of blaok and white balls inoludod in it appronoli to 
a ratio of oijuallty; 

5 It is scarcely necessary to remark that as regards at Ionat> tli Q 
larger members pf the solar sy8tem--inoludlng the four prlaap^vy 
planets within the zone of aatorpids—the nobiilous oondlMon itx^ 
ferred by Laplaeo would necessarily: result from, the propesspB; VO 

suggested ) so that, in a sense, the above :aQCOunt;!inay bo Oil 
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For example, what is there In the nebular hypothesis 
which affords even a general explanation of the strange 
varieties of size observed in the planetary system? 
How can that hypothesis bo reconciled with the re- 
tnavkablo variations of inclination observed among the 
planets, or with the retrograde and almost perpendicular 
motion of the satollites of Uranus ? Nor, again, is the 
hypothesis consistent with the observed peculiarities of 
motion of those moteorio systems which wo must now 
regard ns regular members of the solar system, 

Now, according to the hypothesis I have put forward 
above, a general explanation of all those matters is as 
once suggested. Lot us consider:— 

In the neighbourhood of the great oentiul aggre- 
gution which would undoubtedly result from the mo¬ 
tions of such meteoric systems as I have considered, 
all the motions would bo very rapid. They would, in 
fact, resemhlo the motions now actually observed in 
tho sun’s neighbourhood. Here, therefore, subordinate 
aggregations would form with difficulty, since they 
would have small power of overruling meteoric systems 
rushing with so great a velocity past them. In the 
sun’s immediate neighbourhood, then, we should expect 
to find relatively small planets j and wo do accordingly 
find that Mercury, nearest to him, is tho smallest of the 
planotB, Venus larger, and tho earth (yet further away) 
not only larger than Venus, but adorned with an attend¬ 
ant satellite. ■* 

bo dosorlbo a «tato of tilings antooodont to tho nobnlons oondltlpn 
of fcUo planbto aiid sun, ns oonoolvod by haplaoo. Boo nlao note .b 
bo my tfoabiso on Bntul'n. 
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Now, ftfc ft much grotitor rtmlnTico from tlio Bivn 
mokoorlo motions would bo so muolt loss tliut. 
supposing only n suilnblo nicnn doiiHily of it^grogpii” 
tlon, it would bo possiblo for iimch Inrgor eulKm- 
diuftto oentroB of nggrogiitiou to formi TIuihw cunirt's 
would inoroiVBO in iinporUtnco ns tlioy swont roniul 
tbo contnil uggrogntion, conlimmlly gnlboring fresh 
rooniits. Indocd, Ihougli, tw lluiy would not 
bo (iblo to provout tho ivmjor pmt of tho toniorlnls 
rushing from oiitor sfKioo townrds tho sun from imgie* 
gating round hhn, they would sUll gather in no in* 
oonsidoriiblo portion of thoso nmleriuls. Wlmro tlio 
largest portion would bo gathered would dopemd on 
tho way in which (hiking n general view of tlm 
systoin) tho quantity of material inoronsod toward# the 
neighbourhood of tho contro. I'^or oloarly, wliile di«* 
tanco from tho sun would Inorcnso tho facility with wbicb 
materlnls would bo gathered in-~»iuco the sun's in (lucnico 
would cllmiuiBlv with diatanoo it would also atfoot fehn 
quantity of material availablo-“*8inco, from a very early 
period, tho system must have begun to show an 
ttuoe roBombllng that now prosouted by tho noilineal 
light“~tbat is, a general increaao of density towards tho 
ooutro. 

Assuming that tho region of maximum nggregntion 
was that whore tho Induonco of tho ruling control Brat 
booamo so far diminished with diatanoo as to render tho 
formation of a groat subordinnto aggregation pomihlo, 
we should Imvo tlio Innormoat of tho outer aorle# of 
planets also tho moat bulky | and next within tire orbit 
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of that giant planet we should find a relatively barren 
space, cleared of material not only by the sun’s still 
powerful influence, but also by the influence of this first 
important subordinate aggregation. The initial assump¬ 
tion is, in itself, at least not improbable, and having 
once admitted it, we find an explanation of the giant 
mass of Jupiter, of the comparative poverty of material 
just within the orbit of Jupiter, and hence of the 
condition of the asteroidal zone, and of the smallness 
of the planet Mars next within that zone—though this 
planet far Outweighs (according to Leverrier’s estimate) 
the united mass of all the asteroids. Beyond the 
orbit of Jupiter, we should expect (after passing an 
enormously wide space, bai-e of worlds) to find still a 
great abundance of material, and an even greater 
facility in the aggregation of that material. Thus the 
existence of the planet Saturn, next in importance to 
Jupiter, and surpassing him in the complexity of his 
attendant system, is accounted for; yet farther away, we 
look for and find still an abundance of material, and 
that material somewhat more uniformly strewn, while 
the sun’s, small influence is indicated by the existence 
of satellites, of which doubtless many more will one 
day be discovered by astronomers. 

As to the rotations of the various members of 
the solar system we find some account, necessarily not 
exact, given by this theory. I have mentioned above 
the results to be looked for; those observed are closely 
accordant with that view. Thus the sun, the largest 
member of the system, and specially pre-eminent 




206 OTHER WORLm THAN OVRE, 

witiin its inner division, has its equator inclined but 
about seven degrees to the mean plane of the system. 
Mars, the least member of this system, has an inclina¬ 
tion of no less than twenty-eight degrees j the larger 
earth an inclination of but twenty-three degrees. The 
inclinations of Venus and Mercury are undetermined ; 
they may be expected to be large, not merely on ao- 
oonnt of the smallness of these bodies, but on account 
of their- proximity to the sun. Of the outer division of 
the system, Jupiter, the largest, has an inclination of 
little more than three degrees } iSaturn has'a very con¬ 
siderable inclination (more than twenty-six degrees) ; 
Uranus has an inclination which may be described aa 
actually greater than ninety degrees, since he rotates 
buclewo/i'ds with his equator inclined seventy-six de*^ 
grees to the ecliptic. And lastly, if the observations 
hitherto made on Neptune’s satellites are to he trusted, 
this planet probably rotates in a retrograde mannory 
his equator being inclined some twenty-six degr.ees to 
the horizon j so that, to render the comparison between 
his rotation and that of the other members of the aolni' 
system complete, he may be said to rotate ip a direct 
manner with his equator inclined some 154 degrees to 
the ecliptic. 

The great inclination and eccentricity of many of blio 
asteroidal orbits is also accounted for more satisfaotorily 
by this theory than by the nebular hypothesis. Tbero 
is perhaps no absolute incorrectness in the assertion 
that the smallness of the asteroids explains (on the 
, ordinary view of their, origin) the relatively irregular 
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nature of their motions. Their minuteness doubtless 
brings them (when long intervals of time are con-* 
flidored) more under the disturbing influence of Juj)iter 
than a single massive planet at the same distance from 
the sun would be,^ But the attraction of Jupiter can 
scarcely have been sufficient to cause the asteroids 
to depart so widely as they do from the ecliptic, since 
his path lies quite close to the ecliptic, and even nearer 
to the mean plane of the solar system* Bodies formed 
as the asteroids are supposed to have been, according 
to the h3q)othesis I have suggested, would necessarily 
exhibit a much greater variety of motion than would 
be recognised in the case of the larger planets* 

' Tho moai) omlnonfc astronomor o£ ouv day Indloatod Jn a 
private oommimloafclon an objootion to this flontonoe (originally 
\viilton without the paronthofcionl passage), folindcd on the faob 
that the dlstuibanoo by Jupiter o£ a elnglo planet ns largo os tho 
earth (or oven Neptune) travelling on the orbit of one of tho osto- 
roltlfl, would bo proolsoly tho same os tho disturbance of tho 
natoroidj or oven of a much minuter body—as a motoor or a poppor- 
coriii This Is just j bub tho contrary was nob inoanb to bo impliod 
by tlio above sontonoo as It originally stood, It was to tho Infliionoo 
of Jupltor in long oyollo porlods, during whioh tlio roilox actions duo 
to tho changes hr Jupitor^s own orbit through tho action of tho 
porlurbod body came into play, that I roforrod. In tho case of 
two planets of nearly equal Tuass-*-or of mnsBos oompaiablo in mag- 
n(tttdo-*-t]ioro is an Interohango of ocoontrioltioa and Inoliuations, 
and those can never boooino very largo for olthor planot. It la 
dllToront, howovor, whon ono of tho bodies is oxoocdingly mi unto, 
for thon tho orbit of Urn larger ohangos so slowly that perturbing 
olToota oro ronewod ngaln and again, during a very long cyolo, so 
that boforo tho rovorso pvooossoa bogin to nob a vory oonaldorablo 
oooonfcrlolty or a very oonsldomblo Inoliuatlou may bo given to tho 
smaller body* liliat this Is so is shown by tho much wider 
mugo wltldn which tho oooontrloitlos and inoliuations of tho 
smaller planofca of tho solar syatom are known to osoillato In long 
intervals of time* 
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Another point ill wliieh, ii» T eonctsivo, ray liypoUioKiH 
is move Bntiurnctory tlmii the nehuhir one tsonsislii in 
tho fttot Hint it niiggi'HiB m exiiliuintion of the peou- 
linritics ohsorveti in Iho pliinelery periotlH. TrofoMor 
Kirkwood’a resenreheH into the vnrieuH relntionB of 
coramuiiHurnbility proseiiltHl ninong the periwln of 
ptniiola nml Bivtellitee, niul the kiioivn elToelsu of coin* 
raenHurnhiUty in oneonni^tng the nemiraulnlion of 
pliuietnry pori,urhnl]f.in», will nt once «Mggo«t to tho 
innUicmintieiil render the wiiy in whleli ii eyetem form* 
iiig in «u«h ft iniranor n« I lt«vo Iranginctl might ha 
expected to exhibit tho presence of Inw lut regiitxls 
dintancoa and periods. There is nothing in tho nelndnr 
hypothesis whioli omsmirngos tho ixilief thnt n system 
ft'iimod fts Irfiplftoo cimcnivod the solnr aystoin to bo, 
would exhibit nny euoh inws m ere fotrad within Uio 
plwiotary aoheme, 

Tho Iiypothosis I hnvo put forwurtl nl«o gel* rid 
of whnt hns nlwiiya soometl to mo the gmnt difll- 
ovdty of the nobulnr hyi»(heBia. Aeeonlirig to tho 
views of I/Bplftoe, Noptuno must have been formed 
millions of ages before Urninio, Uranuo tui long before 
Sntuni, Stttura a* long Imforo Ju|iitor, ant! so on. 
Now wo know tlmt the apjioarance of those primaiy 
mombors of tho solar system whlob we are Imt able to 
study does nob Indicato any such enorinoua dispropor¬ 
tion in tho ages of the planets, even if it does not 
indicate that the planets were formed neatly nt the 
sumo era. Aoeordlng to iny bypoiheris, Urn varions 
prooossoB of aggregaden would go on altuttUanecntsly 
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(just as tile influences which Jupiter now exerts on 
comets act simultaneously with the more power¬ 
ful influences exerted by the sun); and though the 
Yoiuous orbs formed by those processes would not 
necessarily be completed simultaneously, there would 
be no suob enormous disproportion in their age as is 
necessary according to the theory of Laplace* 

Yet another strong point in favour of this hypothesis 
resides in the circumstance that we now have every 
reason to believe that all the planets are constituted of 
the same elements. When it was thought that Jupiter 
might be a watery globe^ for instance, there was some 
evidence in favour of Laiilace’s theory* But we now 
know that Jupiter is not constituted differently, in all 
probability, from the earth and sun, as according to 
Laiilace’s tlieory he must have been. Since, then, we 
know that meteors contain the same elements which 
exist in the constitution of sun and planets, we have 
boro a very strong argument in favour of the view that 
they have j)layed the important part I have assigned to 
them in the formation of the solar system. 

But after all, the strongest evidence in favour of the 
hypothesis I have suggestod consists in the fact that 
the processes by means of which I conceive the solar 
system to have been formed are undoubtedly going on 
before our eyes* There may be little, indeed, in the 
downfall of meteoric showers to suggest the idea of 
world-formation or sun-formation 5 little in the present 
ttspeob of the ssodiacal light or of the solar corona to 
present to the mind’s eye a picture of that vaster 

V 
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agglomeration of meteoric and oometio systems, 
speeding with inconceivable velocities on their intoi-*"' 
lacing orbits, which I imagine to have been the ©i:*^** 
bryon of the solar scheme. But sun and planets 
growing, however slowly, as the meteorio hail 
continuously upon them; the zodiacal light and tlio 
solar corona we doubtless due to the existenoo 
meteorio systems, resembling (however relatively insig¬ 
nificant) those which I have pictured as the matei’itvls 
of the planetary scheme. In the Saturnian rings, 
which have been proved by the researches of MoxwoH 
and others to consist of multitudes of discrete bodioa* 
we have evidence of the same sort in the case of ft 
subordinate centre of aggregation. So that we have 
a form of evidence, which was wanting in the oaso of 
the nebular hypothesis, in favour of this other hypo¬ 
thesis, by which, as in Laplace’s, the'present state of 
the solar system is regarded as the result of a prooos a 
of development, and uot of special creative fiats. 
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CHAPTER X. 

OTHEU SUNS THAN OUHS, 

V/e are now to ventuve into regions wlaere we shall 
Ho longer have olear lights to guide us, Tremendous 
tiB are the dimensions of the solar systenij the widest 
sweep of the planetary orbits sinks into insignifioanoo 
compared with the distances which separate from us 
even the nearest of the fixed stars. From beyond 
depths which the human mind is utterly unable to 
conceive there come to us the rays of light which 
myriads of tliose orbs are pouring forth, and it is from 
tlie lessons taught us by these light-rays that we are 
to form our ideas concerning the nature of the orbs 
which emit them. Very oarefully and cautiously must 
we proceed, if we would avoid being led into vain 
ixnagirdngs. It will but mislead us to pass a single 
step beyond the path which is dimly Ughted for us, 
onid yet that path is so narrow and so obstructed with 
diffloultios that we find ourselves continually tempted 
to leave it, and to venture forward on the alluring and 
GtiBy paths which speculation opens out on every hand 
fliTound us. 

And yet we may well remain content to listen only 

i '-'2 
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to the leacliinga of known fnotB. Even ao rcalmining 
ouraolvoS) we have In renliby a wide and noble domain 
to explm-o, Fftota wliioh RGom Bovomlly imlinporlant, 
nro found, wlmn ooiiBidcrod na pavta of n grand whoio, 
to Indicate rolivtionB bo impro«alvo and ao intoroBling 
that tho rovelntionB of the toloBcopb within tho Holar 
systom are apt to fioora commonplace bCHido them, 
We have, In faob, no longer to ooiiBldor tho «triioturo 
of a aystom—tho archibooturo of the imiverHcs i« our 
theme, 

Let iifl examine carefully the evidence which Hoitmee 
has gathered together for uh, endeavouring at oncli 
stop to gain the full ainoimt of knowlotlgo tho seveml 
facta involve, while at tho aamo time cautiously refrain¬ 
ing from any attempt to overstep tlio boiuulH indicnlcd 
by our ovldonoo. 

In the fli'Bt place lot ub cojiBldor whnt may ho 
learned from the analogy of the Bolnr Byatem. Tho 
Bbudy ia an inviting one, Blnoo tho dlHoovorieB on which 
wo are to found our vlewB have boon made bo recently 
that the aubjeot hiia all the charm of novelty and fre«h- 
noBB, while it Involvoa tho oonBidoratlon of tho «oundo«t 
and most inatruotivo mode of pursuing our reaenroheB. 

We have Been in tho Bolar ayatom a variety and 
complexity of abruoturo, auoh as, half a century ago, 
few aatronomora would have tlfought of asorlblng to 
it. When Sir William Horaohol began that noble 
Borloa of roaearolmB amid tho sidereal depths by wbioh 
hla name haa been roudorod illuatriouB, ho saw in tho 
solar system a sohomo very different indeed from that 
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which is presented to our contemplation. He behold 
a vast central body, stirrounded by a limited number 
of orbs,“some of which are the centres of aubordinate 
schemes of grecater or less extent. When we have 
added the ring of Saturn as the only formation dif- 
fering from planets and satellites in character, and the 
Gomets, few and far between, which seemed rather acci¬ 
dental tributaries of the sun than regular* members 
of his family, we have considered all the features which 
the solar system, as known in Sir William Horsohers 
day, presented to the contemplation of astronomers. 

With us it is very different. We see that there 
exists within the solar system a variety of size and 
atriioture, of motion, arrangement, and aggregation, 
which is already inconceivable, and yet doubtless but 
faintly shadows forth the real complexity and richness 
of the scheme swayed by our sun. Perhaps it is in 
considering the solar system in the particular light in 
which, in this treatise, I have had occasion to present 
it, that this wonderful variety of conformation is made 
most strikingly apparent, But, axmrt from all specu¬ 
lative theories, there can be no doubt that the solar 
system presents to us a subject of study amazing in 
itself, but most amazing when we regard it as 8Ui> 
plying the analogies whioh are to guide us in forming 
our views respecting the sidereal system. Besides the 
family of planets circling round the sun, besides the 
system of dependent orbs which circle round the 
planets, we see a zone in whioh independent planets 
oirole by hundreds, perhaps oven by myriads, around 
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the solar orb} we see the ring of Saturn compos®*^ 
of thousands of tiny bodies ; we see the met&ox'io 
systems in countless hosts 5 we see the comets of 
scheme in millions on millions } and less certainly^ but 
still not indistinctly, we recognise the existence of » 
multitude of new and hitherto unsuspected form® ot* 
matter within the cirole of our sun’s attraction. 

What opinion then are we to form-even hor 0 > **'t' 
the very outset of our inquiry—respecting the sidereal 
scheme of which our sun forms but an unit? Suxoly 
it would be to lose sight of the significant lesson 
taught us by the solar system, it would be to forjg'et 
how sure and safe a guide the greatest of modem 
astronomers found in the teachings of analogy^ fo 
adopt the same view now which that groat astrononoier 
adopted a century ago. If, viewing the solar system 
as consisting of discrete orbs, comparable one wiblr 
another in size, and distributed with a certain 
uniformity. around their ruling centre. Sir William 
Hersohel held that the sidereal scheme presented 
somewhat similar relations, surely toe, who know oer* 
tainly that the solar system is constituted so 
ently must adopt a far different view of the sidore^^l 
system also. 

tet us remeiuber that there is here—so far as oitv 
respect and admiration for Sir William Hersohel are, 
ooncemedT—a choice between two oourses. Assumlu^, 
as indeed is just, that the views of our great men. or© 
apt rashly to be thrown on one side, we .'have to ohooao 
whether we would rather abandon the viewa which.'. Sir 
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Willmra Herschol formed about /aois, or the viem 
which he formed about principles. If wo accept his 
opinion (or rather, after all, his mere suggoation), that 
the stars arc tolerably uniform in magnitude and dis¬ 
tribution, we must abandon the analogy of the solar 
system. If, on the contrary, wo accept Sir William 
Ilerschers often expressed opinion that, in theorising 
about the \inknown, there can be no safer guide than 
the analogy of known facts, we must abandon the 
view (which seemed to him but probable) that the stars 
are dishibuted with tolerable uniformity throughout 
our galaxy, aiid are comparable inter se in magnitude 
and splendour. 

There can be no doubt which course is preforable. 
We know certainly that Sir William Ilorsohol was 
often mistaken, as all men must bo, in matters of fact; 
while we know with equal certainty that he owed 
the marvellous success with which he theorised to his 
adoption of the principle that analogy is the chief and 
the best guide for the student of astronomy. 

Wo are oompollod, then, in our very respect and 
admiration for the greatest astronomer of modern times, 
to rcgiud the constitution of the sidereal system as, in 
ail probability, very different from what bo imagined, 
We must be prepared to expect an infinite variety 
of figm’e, of abruoturo, of motion, and of aggregation 
throughout the gahvotio sohomo. If some orbs within 
that Bohonae seem prpbnbly to be suus like our own, 
we must not be sui’prised to find otheK„ ffhich are pro* 
bably far larger or far smaller. We may look for 
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objects differing as much from the suns of the sidereii-l 
system as the asteroidal zone differs from Saturn or 
from Jupiter. So that, if we should recognise evideno^^- 
of the existence of clusters of minute stai‘s^—a wholo 
cluster, perhaps, not equalling in real importance tlio 
least of the suns of the system—we may accept 
evidence without any scruple suggested by the im¬ 
probability of the conclusion to which it points. Again » 
we may expect to find schemes within the sidereal 
system, differing as much from discrete stars or stor- 
clusters as the rings of Saturn differ from the primai^y 
planets or from the asteroidal zone. So that, if vvo 
should recognise evidence of the existence of relatively 
minute clusters, whose components are either so small 
or so closely aggregated as not to be separately visiblo 
even in our most powerful telescopes, this evidonco 
may fairly be accepted as acoordaut with the only 
analogy we have for our guidance. Yet once more: wo 
may look for systems differing as much from all or¬ 
dinary star-clusters as the exoentrio and far-reachingf 
meteor systems differ from the symmetrical rings of 
Saturn. So that, if we should find evidence of strango 
schemes within the sidereal system, schemes presen.tiDjg' 
strange varieties of figure, with strange complexities 
of spiral whorls or outlying branches, losing them¬ 
selves, as it were, in the depths towards which they 
seem to extend'-^his a-lso need not surprise us? wo 
need not conclude that at any rate, we are lookingf 
beyond the bounds of the sidereal system, and gozingf 
Upon external galaxiesj for the analogy we have cho^ori 
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for our guidance teaches us that such structures were 
to be expected within the scheme of which our sun is 
n component. And finally, if we should find reason to 
assure ourselves that there ore objects in tho depths of 
space whoso very sxabstanco and constitution are dif¬ 
ferent from those of all other objects within the sidereal 
system, we need by no moans believe that tho objects 
thus singularly oonstitxited belong to or form external 
systems. For tho millions on millions of comets which 
form part and porael of the solar system present a 
precisely analogous difference of structure, as compared 
with tho other members of that system. 

Having thus reifiaced tho erroneous analogies to 
which—through no fault of his own—Sir William 
llersohol was led to look for guidance, by the more 
trustworthy analogies which tho recent progress of 
nskonomy has afforded for our instruction, wo may 
proceed to consider the direct evidence wo have 
respecting the constitution of our galaxy. 

In the first place, let us examine the ovidenoe 
pointing to the dimensions of the sidereal system. 

That the nearest members of tho system lie at enor¬ 
mous distances from us is proved by the fact that, as 
tho earth sweeps on her vast orbit round tho sun, no 
appreciable change is observed in the configuration oi 
the star-groups. That a oirole having a diameter oi 
more than 186,000,000 of miles should be swept out 
year by year as tho earth traverses her orbit, and yet 
that the surrounding stars should exhibit no change oi 
place, is at once the most striking and tho simplest 
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evidence wo have of tho onormoua Honle on wliioh 
the aideroal ayafcom ia oonatruotod. And yob thla firat 
obvioua fact ainka nlmosk into liiBignificftiico wlion wo 
regard thoughtfully tho toaohing of uiodern iuabni- 
menUd natronomy. There might bo ft real Hliiding 
of apparent poaition which yot tho unnidml eye wtniUl 
fail to detect, and aiioh a ohango would itidiwlo 
diatanoea ao onormoua that tho mind faila altogether 
to conceive thoir real aiguiflcanco. But the oxiict 
inatruments of modern timea would exhibit n olmngo 
of place far more minute than any which tho un¬ 
aided eye could rooogniae. If a atnr ahiftod by ho 
much as tho ton-thousandth part of tho inaoii'a apparent 
diameter, moclom aatronomora could iwaure thomaolvoa 
of tho change of place. And when wo remember that 
iu precisely tho aamo proportion that wo inoroaao tho 
exactitude of inatrumontnl obaervation we InorcQBo 
alao the aignifloance of tho atara’ apparent fixity of 
poaition, it will be aoou at once how aatounding ia tho 
leason convoyed by tho fact that all but a very few 
Indeed of tho atara romnin abaolutoly ttualTectod—ovon 
under tho moat powerful inatrumontnl examination— 
by the enormous range of tho enrtli'a orbital motion. 

Wo can roughly oatiinuto tho dlatnncoa of tho fow 
atara which are thua nffooted, and thenoe—on the 
hypothoala that Uio lutrlnalo hrJlllattoy of their light 
ia tho same aa the sun’s—wo moy form some Idea of 
thoir diraenalona. I ahall, howovor, only apply this 
procoBs, in detail, to a alnglo case, beemuso my present 
object ia rather to indloate in a general way the scale 
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on which the sidereal system is constructed than to 
enter at length on the more exact details which find 
their place in ordinary treatises on astronomy. 

The star Alpha Centauri is one of the brightest in 
the heavens, Sirius and Canopus alone surpassing it 
in splendour. But it was not its exceptional brilliancy 
alone which led astronomers to regard it as likely to 
afford evidence of an apparent change of place corre¬ 
sponding to the earth’s real change of place as she 
sweeps round her orbit. Of course, the brightest 
stars are presumably the nearest} but there is another 
indication of proximity at least equally important. 
The so-called fixed stars are in reality slowly moving 
onwards on definite courses—slowly, that is, in appear¬ 
ance, though in reality their motions are doubtless 
inconceivably rapid. Now these motions, the jproper 
moHma of the stars, as they are called, are as yet very 
little understood. We know only that the whole of 
the galactic system is astir with life, but whither the 
orbs are severally tending we are not yet able to say. 
Nor do we know what portion of the stellar motions 
may bo due to the undoubted proper motion of our 
own sun through space. This, however, may be re¬ 
garded as certain, that until we know something 
respecting the laws which regulate the stellar move¬ 
ments we must regiu’d the magnitude of a star’s 
motion as probably an Indication of relative proximity. 
Precisely as a man wallung at a great distance from us 
appears to move much more slowly than one who is 
walking at the same rate close by, so the apparent rate; 
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of a star’s motion ia diminished in proportion to ^ 
star’s distance from us, When, therefore, it was 
that the star . Alpha Centauri is moving more ^ 

than other stars, this fact, combined with the 
lustre of the star, led astronomers to suspect tl it*'^ 
must be comparatively near to ns. 

Observations made to determine whether thc3 
shows any sign of an annual change of place 
spending to the earth’s annual orbital motion, 
rewarded by the detection of a very appreoiabki ^ 
placement, In fact, owing to the motion of the 
each year, in a nearly circular orbit 186 , 000,000 xt:» 
in diameter, the star Alpha Centauri appears to 
out each, year a minute oval path on the 
sphere, the greater axis of the oval being oquiil 
length to about part of the moon’s 

diameter.^ 

It follows from this, that in round nviinborsi 
distance of Alpha Centauri from us is about 
millions of millions of miles* The distance of 
earth from the sun shrinks into insignificanco 
this enormous gap. Even Neptune, though olmH>^a 
round the sun at a distance thirty times vastor 
that which separates us from that lumimuy, ii« y^i 
relatively so much nearer than Alpha Centauri, fcbut 
a sun filling the whole orbit of Neptune would 

• It hardly need bo naentloiied, perbapS) that this motion 
Buperadded to the star’s more obnsiderablei proper xnotioUi tho- 
which the sfeax seem a rp^lly to follow is a looped one^ the Oji 

each loop heing small in comparison with the diitanoi) 
sucoossive loops. 
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pear, as Meon from that afcar, but abovifc •;ri!rctb aa largo 
as tbo aim appears to us. 

Now lot nacouaider what dlmonfllona wo may aaalgn 
to Alpha Conlauri, on tbo naaumption that the aurfaco 
of this star emits a light na brilliant aa that which 
proceeda from tho idiotoaphoro of our own aun. Wo 
must not neglect tho conoidoration that the atav la 
double—tho companion emitting porhapa about ono- 
aixth na much light as the primary.’ Tho diatanco of 
Alpha ConUiuri ia equal to about 230,000 timoa that 
which aeparatoB ua from tho aun. Therefore, if re¬ 
moved to tho alar’s distance, tho aun would ahine with 
only part of Ida preaont lirilliauoy. Now, 

according to the most careful oatimatoa of the bvil* 
lianoy of Alpha Centauri, tlie light wo recoivo from 
that star ia about of that wo receive from 

the aun.’ It followa, therefore, that tho star oraita 
about throe times aa much light as tho aun 5 and 
therefore, ao far aa tho omiaaion of light ia a criterion 
of aiKO, tho star may bo regarded ns coiiHidoraldy larger 

> In Uio Itmt ocltllou o( UiIm work llio araallor bIiw wna doHorlljod 
lu omllUng about ono-alxtcontli na nmob light na Uiu priiimry j and 
In a noto I romnrkod that 81r John Iloraoliol, obaovvliig tho alnr 
with hla flO-Ioot rollootor, thought tho aoooiitlnry brlgblor tbun It 
la uaunlly oonaldorod, but tlmt, for a oompiirlaou of thla sort, 
amallor toloaoopoa aootnod to rao llkoly to bo on tbo wholo nioro 
tniatworlby. Ho oonvinood mo that my opinion iw to tho bright* 
nosB of tho Boooiidnry woa orroiiooua. Honoo Uio ohungo In tho 

oatlmnto. . , 

«'Jills oatlmnto la foimdotl on 8lt John Horaohol’a oompnrJaon 
botwoon tbo light of tho atnr nml tlmt of tho full moon, and ZHH* 
nor’a oomparlaon botwoon tho light of tho full moon and that of 
tho aun. 
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than our own sun. In fact, reducing tte total 
of the pair by one-seventh, we find that the primarj?’ 
must still emit nearly three times as much light as fctio 
sun, and therefore the diameter of the star, as fchixs 
estimated, would appear to exceed our sun’s in 


proportion of about 8 to 6, 

We have here, then, clear and decisive evidence iTi 
favour of the view that among the fixed stars thero 
are orbs which may be regarded as veritable sun® 
worthy to be the ruling centres of schemes as noblo 
as the solar system, For we know quite certainly tlipufc 
the greater number of the first magnitude stars oro 
very much farther from us than Alpha Oentauri, witlx 
which, however, they are fairly comparable in bril¬ 
liancy j so that they may be regarded as for the most 
part at least equal to that star in size and mass, Siriixci 


and Oanopns, indeed, must far surpass Alpha Oert— 
taun. The latter, though more than thrice as bright/, 
^xhibits no appreciable change of position as the eartlx 
circles round the sun. Sirius, which is more than 
four times as bright as Alpha Centauri, shows an 
annual change of position which certainly does not 
exceed one-fourth of that star’s. It is therefore four 


times farther from us than Alpha Centauri, and, did 
it emit no greater amount of light, would appear to 
shine with but oner-sixteenth of that star’s lustre. As 
in reality it is four times as bright, the real amount of 
light it emits must exceed that of Alpha Oentauri 
no less than 64 times, and that of ohr own sup no 
less than 192 times; So that, judged frq^ this indi~. 
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catton alone, the diameter of Sirius may be held to 
exceed that of our sun in the proportion of about 14 
to 1, an estimate which assigns to Sirius a diameter of 
nearly 12,000,000 miles, and a volume 2,688- times as 
large as the sun’s. 

But on the other hand, still confining our attention 
to this method of estimating magnitude, we find reason 
for believing that many of the visible stars must fall 
far short of our sun in magnitude. The sixth magni¬ 
tude double star 61 Cygni, has been found to be 
neai'or to us than Sirius, and about three times as 
far from us as Alpha Gentauri. Now, we may assume 
that each component sends us about one-hundredth 
part of the light wo receive from Alpha Gentauri j it 
follows that the latter star, if removed to the distance 
at which 61 Gygni lies from us (when its light would 
of course bo diminished to one-ninth of its present 
value), would outshine either component of that double 
star more than 11 times. Hence (on the assumption 
that brightness is a fair measure of real dimensions), 
each component lias a diameter loss tlian one-third that 
of Alpha Gentauri. We may roughly estimate the 
volume of each at about -giyth of that of the latter 
star. 9o that, remembering what has already been 
shown respecting the relation between Alpha Gentauri 
and our sun, the two suns which form the double star 
61 Gygni would each have a diameter equal to about 
•^ths of the sun’s, and a volume equal to about ii^ths 
of his. The sum of their volumes would be therefore 
about one-third of his} and it will presently appear 
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that a perfectly distinct method of estimation tends 
show that the sum of their masses bears about 
same proportion to the sun’s mass. 

But here at once we have evidence that there is « 
very wide range of magnitude among the fixed stiti’S* 
We have seen reason to believe that Sirius is 2>68S 
times as large as the sun, while each of the snw h 
forming the double star 61 Cygni would appear to 
have a volume less than one-fifth of our sun’s, n-xtcl 
therefore less than g^ths of the volume of Sirius. So 
that, by considering only three cases, w:e have fo^•^ncl 
tolerably clear evidence of a range of variety in voliitnG* 
reminding us forcibly of that which we recognieo In 
the solar system. We cannot suppose that these tUroo 
cases, which have been selected at random—so far tvs 
the question of volume is concerned—indicate anytliinSf 
like the real limits within which the fixed stars diifer 
in magnitude. So that we may confidently acoept* ns 
the most probable conclusion from the evidence bofoi’o 
us, that the range of real magnitude among the ilxocl 
stars is very far greater than Sir W. Ilerschel waa 
led to anticipate when, nearly a century ago, he begfvn 
his researches into the sidereal system. 

But it IS not sufficient that we should thus form rv.n 
estimate of the nature of the fixed stars from tlio 
amount of light they send to us. It is desirable—an cl 
fortunately it is practicable—to obtain information ns 
to the absolute mass or weight of some of the Bxod. 
stars, and further, to asoertaiu of what substances tlmy 
may be composed, and in what oondition those slab** 
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siances may ezisti Mere lights, however glorious, or 
liowever wide the sphere within which they displayed 
their splendours, would not be fit to sway the motions 
of orbs resembling those which circle around our sun. 
Nor would suoh lights serve to indicate to the astro¬ 
nomer that, out yonder, myriads of millions of miles 
beyond the eztreme limits of the solar system, there 
exist materials suited to form the substance of worlds 
resembling our own. 

It seems a strange oiroumstance that astronomers 
should be able to form a more exact and trustworthy 
estimate of the weight of certain fixed stars than they 
can hope to form respecting the volume of any of those 
bodies. 

Let us consider the evidence. 

I have spoken of the star 61 Oygui as a double 
star. The smaller star shows very clem' indications 
of orbital motion around its ijrimary. That the two 
are associated together, and not merely seen (os it 
were by accident), nearly in the same line of view, is 
indeed certain, because that peculiai'ly large proper 
motion already referred to is shared in by both. But 
many stars may be X)hyBioally associatod, and yet the 
distance really sepai’ating them may enormously exceed 
pat by which they seem to be sopamted—'Since the 
line joining them is not necessarily square to the line 
of sight. The components of the star 61 Oygni have 
been carefully watched, however, and their motions 
show that they are oiroltng round each other in a 
plane nearly square to the lino of sight. The distance 
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floparadng thorn is probably about half as large 
ns tho distance of Noptuno from tho sun. 

Tho period of rovoluMon appears to bo about ^20 
years, which is more than three times as great ii« 
period of Neptune. Now wo know that a planet, 
placed at a distance from the sun equal to that wJiioh 
separates the components of 61 Oygui, would ocjoupy 
tt much less period than 620 years In complotinff a 
revolution; in fact, its period would bo about BOO 
years. Hence it follows that tho oompononta of Cl 
Oygniaro attracted together loss forcibly than Nap tune 
is attracted towards tho sun, and thoroforo tlui.t tho 
sum of their masses must be less than tho sun’s muss. 
It is easy to compute tho actual proportion, and wo 
find, on doing this, that tho two oomponoutB of 61 
Oygni, taken together, weigh about one-third os much 
ns our sun.' 

The star Alpha Contaurl is also a binary aysUMn, 
and though it has not been so systomatioally observed 
as 61 Oygni, some astronomers bollove that Ita 
has boon oven more satisfeotorily determined. Ittcleod 
there are peculiarities in tho motion of 61 Oygni 
which, without throwing doubt on tho general ocmola- 
sions deduced above, yet suggost that a third (probably 
oi)aque) orb nffeots the motions of tho other two. 3^Jtn 
a caroM oomparison of all tho observations maclo in 

* U uiiiy bo oasli/ sliCwu (iiial U a pair of liodlos oIroUng aroand 
oooh otiior at a oorUiln dtstianao tako a certain Utuo 'JD In aSaofcing a 
revolution, wliilo aupthor pair at tbo same distonoo taka a bLmsi, 
tliu former pair, taken together, Lave a weight whiolt baOltt bO the 
wulghi u( the latter pair the ratio of to T*, 
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r^eoent times on Alpha Centanri, Mr* Hind has as 
signed to the ooraponenfcs a period of revolution oi 
about eighty-one years^ and a mean distance of 13*6 
seconds of are, corresponding to a real distance ex¬ 
ceeding the earth^s distance from the sun some fifteen 
times. Since a planet placed nt this distance from the 
sun would occupy less than sixty years in completing 
a revolution round that body, it follows that the mass 
of the two components of Alpha Centauri must he 
leas than that of the sun. This result (if the data 
be oonsidered trustworthy) would indicate a consider¬ 
able difference between the condition of the star and 
that of our sun} for we have seen that the star gives 
out much more light than the sun. However, I 
believe that many years must elapse before we can 
regard the period of Alpha Centauri as satisfactorily 
determined.^ 

Still, we have conclusive evidence in this case, as 
in that of the star 61 Oygni, that the component stars' 

‘ Mr. Powoll fluppUos tho most satisfactory olomonts of tho 
orbit yet given, slnoo ho founds his qatlmate on a moro ooiax)loto 
soi’los of obsorvntlons. Ho assigns to tho systom a period of 76 J 
years, ond a moan dlstonoo of 20U0 Booonds of arc, oorrosponding 
to a roal distance about 22 times os groat ns tho earth's disbanoo 
from tho sun. A planot at tlds dlstanoo from tho sun would occupy 
about 108 yoars in oomploting a rovolution. Honoo tho moss of 
tho two oompononts of Alpha Oontauri turns out to bo greater than 
that of tho sun—Instootl of loss, os wlmn Mr, Hind's oloinonts wore 
used. This corresponds with tho inoaaurqmont of tho star's light, 
though tho disproportion of tho massoa oaloulatod In this way is 
not so oonsldorablo as it would bo If tho masses woro Inforrod from 
tho ught of Alpha Oontauri, By applying tho fomrula of tho pro- 
poding noto, it will oaally bo found that with Mr, BowoU's oloinonts 
tho moss of Alpha Oontauri (both oompononts) equals about twioo 
that of our sun, 
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are really bodioB of ouormouB weight, and oouBDtjiumtly 
well fitted to away tho inotious of fomilioB of plmiotfl. 
We oonoludo, therefore, that tho fixod Btara gonornlly 
are euiw, not more ligUa \ and further, wo aro lod to 
boliovo that there muHt bo a general Blmilarity in the 
eondltionB under which theHo bodioB and our own sun 
omit liglit. And thus wo aro led to rooogiiiHd otlier 
Btara alao—though yet unwoighed—ua inaaBivo orb», 
not merely aupplying light to other worlds travolliug 
around them, but regulating by tlioir nttraotivo in- 
ItuonceB tho orbital motloHH of their dependent worlda. 

But wo owe to the rovolatioiiH of tho Bpootrosoopo 
the oomploto proof of thoao luattorB, beeidoB ovidouoo 
ou other and equally intoroating pointB. 

It had long boon known that tho apoctra of tho 
fixed Btara present a general roBomblanoo to tlio Bolar 
spootrum, though of oourao very inuoh fainter | and 
that dark IIuob can bo boou in thoBO epoatra, aomo of 
which oorroBpond with those In the buii’b speotrum 
while othora soom to bo new. So Boon as tho groat 
dlfloovory otTootod by Klrolihoff bad been announced, 
it was Been at onoo that thoBO dark liaea la tho Btollar 
Hpeotraaflbrd tho menna of determining the constitution 
of tho Bbvrs. It was only ueoeasary that those linea 
Bhould bo identified by their oorroBpondonoo with tho 
llnoB belonging to known olemontfl, in order to prove 
that these elementB exist in the Babatanoe of the BUn. 
But olthough tho prlnoiple on which roBoarohos wore 
to be oondnoted waa Bufflolontly aimplo, many dlfB- 
oultics had to bo encountered. Indeedi attomptK 
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made by Airy, Socohi, and Rutherfurd to solve the 
problem of determining the constitntion of the stars by 
means of speotroseopio analysis were unsuccessful 5 and 
it was not until Mr. Huggins and Professor Miller 
commenced their famous series of researches that the 
problem can be said to have been fairly mastered. 

Even in the hands of these eminent physicists the 
work was diflioulfc and its progress tedious. The 
weather necessary for the successful prosecution of so 
delicate a method of inquiry does not often prevail in 
our variable climate. The comparison between the 
dark lines in the stellar spectra and the bright lines 
belonging to various elements was not only a delicate 
and laborious task, bxit was singularly painful to the 
eyes. And other difficulties into which I have not 
space to enter hero had to be encountered and ovo”- 
oomo, 

But undeterred by these difficulties, the two phy¬ 
sicists persevered in their researches, and wore rewarded 
by results so interesting and important that their dis¬ 
covery may bo said to constitute the most remarkable 
era in the history of sidereal reseomh since the com¬ 
pletion of the star'gangings of the elder Herschel. 

Two bright stars, Betelgeux, the leading brilliant of 
Orion, and Aldobaran, the chief star of Taurus, were 
examined with special care, Mr. Huggins remarks 
that the apeotra of those stars are as rich in linos as the 
solar spectrum itself. The places of no less than eighty 
linos In the speotnnn of Betelgeux were accurately 
measured, while as many as seventy lines had their 
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places assigned to them in the spectrum of Aldo^ 
baxan. 

With respect to the former spectrum, Mr. 
remarks that it is most complex and remarktvblo* 
^Strong groups of lines are visible, especially in bho 
red, the green, and the blue portions *; a peculiarity? it 
may be remarked in passing, which serves to nccotitifc 
for the well-marked orange colour of this star. 

Now here already we have very decided evidenoo aa 
to the nature of the star; since the very fact that its 
spectrum presents the same general appearance as the 
solar spectrum proves conclusively that the star iB an 
incandescent body, whose light comes to us thi’oxig'h 
certain vapours corresponding to those which surround 
the sun. Nor should we be able to regard the star as 
other than a sun, even though none of the elemontfl 
known to us should apiDear to be present in its eub-^ 
i stance or in the vapours surrounding it. For clearly 
we have no reason for believing that worlds cam bo 
formed out of those elements only with which we arc 
acquainted, unless we find as we proceed that ttoao 
elements actually do compose the suns which form the 
sidereal system. Of course, if this shall appear to bo 
the case, our conclusions respecting the nature of the 
stars wilkbe very much strengthened. 

Now, when Professor Miller and Mr. Huggins com¬ 
pared the lines in the spectrum of Betelgeux with 
the bright, lines of certain terrestrial elements, they 
found that some of these elements do actually exist 
in the vaporpus envelope of the stars* Thus sodluiUi 
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magnesium, calcium, iron, and bismuth aro present in 
Betelgeux. The lines of hydrogen, which are so well 
marked in the solar speetvum, are not seen in the spec¬ 
trum of Botelgeux, We oi’e not to conclude from this 
that hydrogen does not exist in the composition of the 
star. We know that certain parts of the solar disc, 
when examined with the spectroscope, do not at all 
times exhibit the hydrogen lines, or may oven present 
them ns bright instead of dark lines. It may well be 
that in Betelgeux hydrogen exists under such condi¬ 
tions that the amount of light it sends forth is nearly 
equivalent to the amount it absorbs, in which case its 
ohoraoterlstio lines would not be easily discernible. In 
fact, it is Important to notice generally that while 
there can be no mistaking the positive evidence 
afforded by the spectroscope as to the existence of 
any element in sun or star, the negative evidence 
supplied by the absence of particular lines is not to 
be regarded as deolBlvo. 

In the case of Aldebaran the two physicists were 
able to establish the existence of sodium, magnesium, 
hydrogen, calcium, iron, bismuth, tellurium, antimony, 
and mercury in the vapours surrounding the star. 

Besides these stars fifty others wore examined. 
The brilliant Sirius exhibits a speotrum of great 
beauty, though the low altitude which this star attains 
in our latitudes renders the observation of the finer 
lines exceedingly difficult. But the two physicists 
were able to show that sodium, magnesium, hydrogen, 
and probably iron, exist in this gigantic sun. 
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All the stars examined exhibit spectra crossed by 
numerous Hues, and in a great number of the spectra 
lines belonging to known terrestrial elements wore 
detected. 

And now let us consider the general bearixi£t 
these interesting discoveries. 

In the first place, we are forced to recogniso in 
the stars TCdh sv/ti'Sf not mere lights. Doubtless 
well did well, in pointing out that astronomers bad 
no right to regai-d the stars as suns until they bad 
some evidence that these orbs resemble the sun in 
other respects than in size, mass, or luminosity, And 
as in his day it appeared altogether unlikely that such 
evidence should be obtained, a real limit seemed placed 
to the speculations which men might form as to the 
existence of other planetary systems besides tlioae 
circling around the sun. 

But now we have precisely that evidence wliioh 
Whewell required. We see that the stars are coneti- 
tuted in the same general way as the sun, and that 
further they even contain elements identical with tXioso 
which exist in his substance. There is not inde0d in 
every ease, perhaps there may not be in any case, an 
exact identity of composition between the stars and oiir 
suu, or between star and star. But this was no mox*o to 
have been looked for than an exact identity of iihyaioul 
habitudes amongst the members of the solar systom. 
That general resemblance of structure which indloatoa 
a general resemblance in the purposes which the oolog* 
tial bodies are intended to subserve^ is nndonbtedly 
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evident when we compare the atnra either with our sun 
or with each other. 

I have already spoken of the conclusions to be 
drawn from the existence of the same materials in the 
substance of the sun that exist around us on this earth. 
I have shown that we are compelled to regard this 
general resemblance of structure as sufliciont to prove 
that the other planets resemble the earth, since we 
have no reason to believe that our earth bears an 
exceptionally close resemblance to the sun ns respects 
tho elements of which she is composed. 

Since, then, wo have rotvson to believe that all tlie 
planets which circle around the sun are constituted of 
the same materials which exist in his substance, though 
these materials are nob necessarily nor probably com¬ 
bined in the some proportions throughout the solar 
system, we have every reason which analogy can give 
us for believing that the planets circling around Betel- 
geux or Aldebaran are constituted of the same materials 
which exist in the substance of tholr central luminary. 

Thus wo are led to a number of interesting coii- 
ohisions even respecting orbs which no telescope that 
man can construct is likely to reveal to his scrutiny. 
The existence of such elements as sodium or calcium 
in those other worlds suggests tho probable existence 
of tho familiar compounds of those metals—soda, salt, 
lime, and the rest. Again, the existence of iron and 
other metals of the same class carries our minds to the 
various useful purposes which these metals are made 
to subserve on the earth. We are at once invited to 



234 


OTMJiR WORLDS TSAN OURS, 


recognise that the orbs oireling around those dts* 
tant suns are not merely the abode of life> 
that intelligent creatures, capable of applying t-lieso 
metals to useful purposes, may exist in those worlds. 
We need not conclude, indeed, that at the present 
moment every one of those worlds is peopled witli fn- 
telligent beings, because we have good reason for be¬ 
lieving that throughout an enormous proportion of t-bo 
time during which our earth has existed as a world, no 
intelligent use has been made of the supplies of metal 
existing in her substance. But that at some time oi* 
other those worlds have been or will be the abode of 
intelllgeut creatures seems to be a conclusion very 
fairly deduoible from what we now know of fcliclr 
: probable sfruoture. 

the information afforded 
by the spectroscope respecting the materials of wliioli 
the stars are conaposed, the nature of the stellar speofero 
serves to prove most conclusively that the stars^ besldee 
supplying light to the worlds which circle around tbein, 
radiate heat also to them. Even if we were not cer¬ 


tain that elemeutsi which are only vaporised at ft very 
high tempehiture exist in the vaporous envelopes of 


the stars, yet.the very nature of the light sent otiti by 
the stars indicates that these orbs are inoandesoent 
through , intensity of heat. When we'find that the 
spectrum of the j moon’s light reserables the solar: Spec- 

trum, we do uot i jindeed conclude that the mopfr " d s fts 

intensely heated as the sun, because' we know that the 


moon is not selfrluiipihbUB, ; Btit in^ 
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latninoua bocUeB liko the atara, we oau conohide from 
the very nattiro of their spectra that these orbs are 
intensely heated. Of course we are rendered abso¬ 
lutely certain of this when wo find that iron and other 
metals exist in the form of vapour in the stellar atmo¬ 
spheres. 

The vast supplies of heat thus emitted by tho stars 
not only suggest the conclusion that there must be 
worlds around these orbs for which those heat-supplies 
are intendod> but point to the existence in those 
worlds of the various forms of force into which heat 
may be transmuted, We know that the sun’s heat 
poured upon our earth is stored up in vegetable 
and animal forms of life} is present in all the phe¬ 
nomena of nature—in winds, and clouds, and rain, 
in thunder and lightning, storm and hail; and that 
even the works of man aro performed by virtue of tho 
solar heat-supplies. Thus the faot that the stars seud 
forth heat to the worlds which circle around them 
suggests at once the thought that on those worlds 
there must exist vegetable and animal forms of life; 
that natural phenomena, such as we are familiar with 
as due to the solar heat, must be produced in those 
worlds by the heat of their central sun 5 and that 
works such as those which man underUilces on earth 
■—works in which intelligent creatures use'Nature’s 
powers to master Nature to their purposes—may go 
on in tho worlds which circle around Aldobaran and 
Betelgeux, around Vega, Capella, and the blaaing 
Sirius. 
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Recently it has even been found possible to render 
the stellar heat sensible to terrestrial observation—by 
methods which need not here be inquired into, ISTfryj 
the task of measuring the amount of heat reoeivocl 
from certain stars has not been thought too diffionlti 
Mr, Stone, making use of the powers of the great 
equatorial of the Greenwich Observatory, and ingo* 
nioualy overcoming the numerous difficulties which 
exist in a research of such exceeding delicacy, has 
arrived at the conclusion that Arotiirus sends us about 
as much heat as would be received from a throe-inoli 
cube full of boiling water, and placed at a distance 
of 383 yards, Vega, which shines, according to Sir 
J, Herschel, with about two-thirds the light of Arc- 
turns, gives out about the same proportionate atnount 
of heab,^ But in other instances tho heai>*giying 
power of a star has not been found proportional to the 
amount of light it emits. 


' Although these results oannofc yet borogHulcU w aumerloally 
oxaot, it may be Interesting to consider the atnouiit of boat given 
out by Aroturus In relation to the light sent ua by this star, Lho 
more so as this star seems (from the nature of Its Bpootruin) to ro- 
seiiible the sun very olos61y in constitution. 

The light sent to us by Aroturus is equal to about throo-fourtlia 
of that supplied by Alpha Oontanri, or about fl; 5 Si,i 5 g 5 ii 5 i,th part of tlio 
light wa receive from the ann. Now Mr. Stone estimates tho dtroob 
heating^ effect of Aroturus at 0'>’00,000,127 ffahronhelt, mahlne 
of the oMeot-gloss in ooneontratinff 
aM the heat. It will be seen at onoo tlmt, aooortling to 

this estimate, the heating power of Aroturus boars a veiy nuioli 
neater proportionrto that of the sun than the rospeotl^^ llghJ 
of the lemiDorlos bear to ©aoh other. This sooms 
kL^nnt.7 oon-ootnoss of the osUmoto cither ol 

0 light-giving or of the heat-giving power of the «tar^ 
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The variation of many fixed atavs in lush'e at once 
forme a new bond of association between tlie stars 
and the sun—^wbioh wo have seen to be in reality a 
variable star—and euggosts interesting inquiries ns 
to tho existence of variation in the omission of hoot. 
Some of tho stellar variations of light are so much 
more moi’kod than those noticed in tho ease of our 
•own snn that we can scarcely conceive how oroatiiros 
resembling any with which wo are acquainted could 
endure tho effects of correspondingly important varia¬ 
tions of heat} nay, in some instances wo seem com- 
polled to withhold our belief in tho existence of 
habitable systems around certain fixed star’s. Tho star 
Eta ArgCis, for example, whioli sometimes biases out 
with a light surpassing that of any of the stiu's in the 
northern hemisphere, while at other times it falls to 
the sixth magnitude, can hardly bo regarded as fit 
to be tho centre of a system of worlds. I pass over 
such variable stars as the one wMoh recently blaaed 
out in tho Northern Crown, booause in a case of this 
sort the star may he regarded as really a small orb, 
and its sudden lustre as due to some exceptional 
boourronoe, leading (as the spectrum of the star 
seemed to show) to a temporary oonflagration. But 
Eta Argils, and Mira Oetl seem to belong to a dif¬ 
ferent category altogether, since it is probable as 
respects the former, and certain ns respects the latter, 
that their appearance as stars of the leading magni¬ 
tudes is not accidental, but part of a systematic series 
of changes, 
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It remaina only to bo mentioned that, beBicies light 
and heat, tho atara emit aotlnJo rnyai This ia proved 
deelsively by the fact that tho stars oan ho mado to 
photograph thomselvoa. It has boon found, howovor, 
that the aotinlo power of a star, like its hotit-givlng 
power, Is not by any moans proportional to tho star’s 
light 8o tliat in this roapoot, as in tho watorial 
oonstitution of tho stars, wo find spool do varloties oven 
amid those very features which indicate most strikingly 
the general resemblanoo which oxiats betvroon the suns 
constituting tho sidereal system. 


To sum up whttt wo have learned so far fram the 
study of tho starry hoavons—wo see that, boaidea our 
Bun, there are myriads of other siuis in the iinmeiisity 
of spaoe} that these suns iiro large aadinoHslvo bodies, 
capable of swaying by their attraction systems of 
worlds as Important as those whioh olrole around the 
' sun j that these suns are formed of oloxnouts similar to 
those whioh constitute our own sun, so that the worlds 
w lich circle round them may be regarded as in all 
probability similar in' constitution to tide earth j and 
that fi-om these suns all tho forms of force whioh we 
knew to bo noooBBary to the existence of organised 
beings on our earth Oi-o abundantly emlttod, It seenii 
reasonable to conclude that these suns ore ghb round 
by dependent system? of worlds. Though wo oannot, 
as In the case of the solar system, aotually see euoh 
worlds, yet the mind presents them before us, varfeug 
m she, various in ^touoture, Infinitely various tn thelf i 
physical condition aftd Habitudes, 






239 


CHAPTER XI. 

OF MINOR STARS, AND 6F THH DISTRIBUTION 
OF STARS IN SPACE. 

It has been so long a received opinion that a general 
uniformity of magnitude and distribution obaraoterises • 
tho stellar system that it is with some diflBdenoe I 
venture to express a different view. And here let me 
not be misunderstood. Z am fully sensible that it is 
only in certain popular treatises of astronomy that a 
belief in anything like a real uniformity of structure 
in the sidereal system is attributed to astronomers of 
authority, It is not any such imaginary theory that 
I have now to deal with, however ; but with opinions 
which have found a place in the works of astronomers 
from whom I very unwillingly differ. 

I propose to exhibit the reasons which have led mo 
to believe that, so far from knowing the real figure of 
the sidereal system, astronomers have not been able to 
penetrate to its limits in (my direction; that leading 
Btare, such as those discussed in the preceding chapter, 
axe distributed throughout space to the very farthest 
lirtiits and beyond the very farthest limits that our 
most powerful telescopes can attain to j that the stars 
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are ai'ranged in groups and clustering aggregations, in 
streams and whorls and spirals, in a manner altogether 
too complex for us to hope to interpret; and that in 
these aggregations stars of all degrees of real magni¬ 
tude are mixed up, from suns as large as Sirius down 
to orbs which may be smaller than any of the primary 
planets of the solar system. 

Let us consider step by step the evidence we liavG 
on these points. 

We know, from the existence of double, triple, and 
multiple stars, in which the components are often very 
unequal in splendour, that combinations of stars exist 
in which one or two may be suns like our own, whilo 
the rest, or some of the rest, are relatively minute* 
This, however, has of course long been known 5 and it 
is only as a preliminary step in the investigation that 

I here advance so trite an instance. 

Next let us consider such star-clusters as contain 
orbs of the eighth or ninth magnitude, besides a mul¬ 
titude of minute stars. These clusters must of oourso 
be regarded as lying within the sidei’eal system, since 
no external galaxies could reasonably be supposed to 
contain orbs so infinitely transcending even Sirius in 
magnitude as to shine from beyond the enormous gai> 
separating us from such galaxies with a light-exceed¬ 
ing that derived from many stars within the sidereal 
system. clusters as forming 

part and parcel of the sidereal system, we find in the 
existence of multitudes of minute orbs within their 
range a proof that diversity of magnitude in sohemoja 
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of associated stars is to be regarded as a feature of 
certain parts, at any rate, of our galaxy j and we shall 
therefore be the less surprised if we should find reason 
for believing that it is a eharaoteriatio femUa/rity of 
the gal actio system. 

Now with regard to the nobulte (resolvable and irre¬ 
solvable), and their claim to be regarded as external 
galaxies,! shall have much to say farther onj bnt I 
may remai'k in passing that we have precisely the same 
reason for believing that many of these objects lie 
within the range of the solar system, as have been 
already considered in the case of star-clusters. Their 
component stars, to be visible at all, vmat fall within 
the range of distance which astronomers have assigned 
to the boundaries of the galaxy, since some stars even 
within this range cease to be separately visible in the 
most powerful telesoopos man has yet constructed. So 
that when in these objects we see a few or many dis- 
trnobstars, and amass of nebulous light which we judge 
to proceed from an indefinitely large number of rninnte 
stars, we again have very decided evidence of the fact 
that in one and the same region of the sidereal system 
there may exist leading stars (so to speak) and innu- 
morabl© stars relatively minute* 

With considerations such as these (and I might add 
many others) to guide us, let us proceed to oxainina 
the teachings of the Milky Way itself, that wo may 
see whether that wonderful zone indeed represents, as 
has been thought, the sidereal system itself, or only 
an aggregation of minute orbs altogether insignifioant 
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geparately, in comparison with our aun or Sirius, 
baran or Betelgeux, Vega or Arcturus. 

The star-gauging of Sir W* Hersohel, interpreted 
according to his hypothesis of stellar disfcribut>i<^^> 
pointed to an extension of the Milky Way laterally 
to a distance exceeding some eighty times that 
separates us from the first-magnitude stars/ So 
regarding sixth-magnitude stars as on the average 
about ten times as far from us as those of the first 
magnitude (the usual estimate), we see that theoixtor* 
most paits of the galaxy must lie (according to Sir *W• 
HersohePs theory) about eight times as far from as 
the sphere of the sixth-magnitude stars. Now Sir 
John Hersohel was led by his observation b of the 
southern heavens to so far modify his father’s theory 
as to describe the Milky Way as probably shaped like 
a flat ring, the stars down to the tenth magnittide 
being in a sense dissociated from the ring, while he 
regarded the probable distance of the outermost limitB 
of the ring as 760 tim^s instead of but 80 times the 
mean distance of the first-magnitude stars. This 
difference of opinion, it may be remarked, though 
obviously not suiprising when we consider the enor¬ 
mous difficulty the problem presented by the sidereal 
systemy is yet Buffio the probability that 

an important error has been made in the hypobhee iB 
which underhes the accepted the xesp^oidnjg th6 
galaxy. But, || thh as it naay, in regarding . 

Way as shapedu^e a fla^ ring (cloven ^thro^gK.;!^ 
half of its eiroumferende^ / whose^- & : 
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roaembleB gonernlly tlio space betwoon the dark con¬ 
centric circles in the accompanying figure (in which 



Fig, a.~.a’ho QalftoHo Olovon Flat fling (plnn). 


SB equals eight times SA), I have not adopted a 
sbruoturo which ecaaggerales the diffloultlos presented 



Fig, 8,--Tbo QalnoUo Olovon Flufe Bing (nootlon)* 

by the disc or ring theory of the Milky Way. The 
crosa-sooblon would be somewhat as shown in fig. S. 

Now, ftooepthig thismodiaed figure, as better ac¬ 
cording with the results of star-gauging than Sir W. 

«3 
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Hersoh ©re theory that the Milky Way forms a cloven 
diBo, let ns consider whether any peculiarities of the 
Milky Way seem to oppose themselves to this inter¬ 
pretation of its structure. 

In the first place, then, there is a gap or rift ox* 
tending right across the single part of the Milky Way 
in the constellation Argo 5 so that we must conceive 
that from S towards 1, in fig, 2, the flat ring is broken 
through by some such rift as is indicated by the broken 
lines in that direction, Next there is, in the constella¬ 
tion Crux, a pear-shaped vacuity of considerable size, 
and bounded by well defined edges; so that we must 
conceive that from S towards 2 (fig, 2) the . flat ring 
is tunnelled through by some such passage as is indi¬ 
cated by the dotted lines in that direction, A similar 
tunnelling, but of different cross-section, must exist in 
direction S 3 (as shown by the dotted lines) to account 
for the dark gap in the constellation Oygmis, Nexti 
where the Milky Way is double, a large portion of one 
branch is discontinuous, so that the upper part of the 
double portion of tbe ring in fig, 2 must be supposed 
/emoved between the broken lines from S to 4 aud 6, 
Over the so-called double stream there are in places 
strange 5 conYolutions, in others numerous branching 
and interlacing streams, whose complexity indeed 
defies description ; bo that the portion 3 B 2 of tire 
ring must be supposed corrugated in/ the strangest 
way, and fmther to throw out plane and puryed sheets 
of stars present^ ; tangehU towards S* - Lastly, 
the single portion pMhe Milky Way is veiry faint indeed 
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towards 6, so that here we must conceive its figure 
trenched in upon in the way indicated hy the dot-and- 
peckline. 

Thus, even without considering a multitude of 
minuter peculiarities of stmotvu-e, we are led to the 
conclusion that the Milky Way, judged acoordingto the 
fundamental hypothesis of Sir W. Herschel, has some 
such shape as I have endeavoured to exhibit in the 
accompanying figure. Although I have not indicated 



Pig. 4.—Tha Qalftotlo Plat King raodiftod in accordanos with 
tbo obsorvod poouUarities of the Milky Way. 


here the corrugations of the ring, nor a tithe of the 
various overlapping layers which would be required to 
account for the appearance of the Milky Way between 
Centaurus and Ophiuohus, yet the deduced figure is 
by no means inviting in its simplicity. It is, however, 
absolutely certain that the sidereal system, as far as its 
more densely aggregated star-regions are concerned, 
has some such figure as this, if we are to accept the 
principle of Sir W. Hersohel’s star-gaugings. 
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Kow, in turning ovtr thoughU to tho reoognitltJti of 
A more Btmplo ospliumtion of observed nppeftnuioea, H 
will bo well thnt wo Hliould conBldor some peoallarlUtsi 
of the Milky Way wlUoh wo bavo not yot nttendod to. 
In the first place, I would invito Attention to » 
liarlty obsorvod by Sir John Howahol In different 
parts of tbo galaxy—tbo fact, nainoly, that In plncM 
the edge of tbo Milky Way is quite sharply doflued. 
One half of a toloscoplo field of view may be quit® 
oloar of sUira, or ahow only a fow straggling orbs, 
wbilo tbo other half prosoiits what Ims boen tmlled a 
‘ Milky Way field '—that la, a region profusely tiirinkletl 
with Btars, tbo boundary botwoon the two iiorblons 
being woU defined. Whan wo bqo that a olnator of 
objoota proBonta a woll-dofinod odgo, wbat conoluaion 
do we draw as to tbo position of tbo objoot? In It not 
in suob A oaso absolutely oortoJn that the diwtiwiM of 
tbo oliister enormously ojtoeedB tbo dlslAuee between 
ite oomponont pa,rtB—or In other words, bbnt the 
observer 1 b far outaido tbo oluBtor? Many iimtoneea 
will at once suggest tbomselvoH to tbo reader in tUus* 
trablon of this remark. 

We oonolude, then, that these j^rtionH of thn Milky 


Way, ot any wito, whothor they be regarded nn |imJeo» 
tiona or hodoitA, are definite elnatertag aggr^gotloni 
very far remdyid ns* Other portu of tbn Milky 
Way wwq/ aliO bo removed hodUy, so to to 

enomoua dietenoili; hooanse not ■ *f 

a definite edgo^ey Ibe' M 'fla 
hns ] hut oertainly portions 
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Next let 118 consider wiat opinion we may found 
on the existence of dark regions in the Milky Way; 
and liere I refer not merely to such large and obvious 
vaouities as the Coal-saok in Crux or the oval opening 
in CygnuB, but also to small openings, in which, though 
they occur even in rich regions of the Milky Way, 
there is not, according to Sir W, Herschel’s descrip¬ 
tion, even a telescopic star to be seen. 

Judged apart from preconceived opinions, such open¬ 
ings as these, according to all laws of probability, 
indicate that the portion of the Milky Way in which 
they occur has not a very great lateral extension. To 
return for a moment to fig, 2 , it will be seen at once that 
an aperture extending laterally through a star system 
so shaped must have a particular direction and be 
perfectly straight in order to be visible to observers 
placed, ns we are supposed to be, in the central open¬ 
ing. It is altogether improbable that one such open¬ 
ing should exist by accident, and absolutely impossible 
that many should.* We are forced, therefore, to infer 
that, instead of the enormous lateral extension assigned 
to the Milky Way, the galaxy has in these places 
certainly, and elsewhere probably, a lateral extension 
not greatly exceeding its depth. 

It is farther to be noted that the lucid stars over 

> Sit John Hersohol dlstlnotly indicated this inference, as he 
did’ innny other matters which maico strongly against the received 
theory ot the stdoroal system. Nor was ho nnoonsoionB of their 
boEViing. Apparently unwilling to press them to their full extent, 
bo was commonly satlsllod by noting that they do not seem to ao- 

oord with views ho had olaowhore dwelt upon. 
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the zone of the heavens which is occupied by the 
galaxy show a very decided preference for the pwta 
of that zone which are actually traversed by the Milky 
Way. For instance, we find no stai's above the fiftk 
magnitude, and very few of these in the Coal-saoica, or 
in the rift which crosses the Milky Way in Argo ; or, 
again, in the space which lies between the two branches 
where the Milky Way is double. If this is an accident 
it is a very extraordinary one, especially when, it is 
remembered that the region where it occurs is the very 
part of the heavens where stars of all magnitudes may 
be expected to he most profusely distributed; that the 
spaces thus left vacant form no inconsiderable aliquot 
part of that zone 5 and that, according to the aooep>tecl 
theory, there is no reason for expecting any peculiarity 
of the sort. 

Thus, again, setting aside preconceived opinions, 
and judging only according to the evidence, we seem 
led to regard the coincidence as not accidental, but 
as indicating that there really is a very close as¬ 
sociation between the bright stars and those small 
stars forming the milky light, which, according to 
the accepted theory, lie so many tirues farther from 
as. 

But this opinion is absolutely forced upon us when 
we apply a rigid process of examination to the evidence 
we have respecting the distribution of the lucid slp’s 
over the galactic zone. So far as I am aware, tbis has 
not hitherto been attempted. Indeed, independently 
of the fact that I haye hot paet with any referenoe to 
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auoh an inquiry, although I have had occasion to study 
very carefully all the works bearing on the subject, I 
foel confident that the examination I refer to has never 
yob been attempted, because I am sure that if it had, 
the result must have been the adoption of views alto¬ 
gether different from those at present accepted. I shall 
have occasion, farther on, to exhibit the method by 
whieh the following results have been obtained, and 
therefore I content myself in this place with simply 
staling them!— 

The Milky Way covers -^ths of the whole heavens, 
while the gaps and lacunooin the Milky Way cover 
about l- 62 nd part. In the Milky Way there are 1,116 
lucid ators 5 in the gaps and lacunce only 20 . So that 
if the whole heavens were as richly covered with lucid 
stars as the Milky Way, there would be 11,681 stars 
visible to the naked eye, instead of the 6,860 actually 
seen. Bub if the whole heavens were no more richly 
strewn with stars than the gaps and lacunas in the 
Milky Way, there would be but 1,240 lucid stars. 
The Milky Way is, in/me, no less Hum nine times as 
richly strevm with Uidd sta/rs as its givps and, laeun<e, 
whereas aooordmg to the acoeptad, views no swell 
pemlioA'ities are to he looked, for in the ddstribw- 
tion of hieid, stars over the galaotio zone. 

We have here a statistical fact which mist be 
accounted for in forming a theory of the sidereal 
system. I have, indeed, no hesitation in saying that it 
is the most remarkable feature of the stellar heavens. 
No one who appreoiatea the laws of probability will 
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ascribe it to mere ohanoe distribution.* Where, then, 
is the cause, unless we accept the obvious and aimplo 
explanation that the Milky Way seems to he thus 
associated with lucid stars because it is associated with 


them—that in place of being, as has so long been 
supposed, a congeries of suns many times more distant 
than the lucid stars, it is formed of myriads of rela¬ 
tively minute orbs compared with which those lucid 
stars are as the giant planets of our solar system com¬ 
pared with the asteroids ? 

It is very clear, then, what views we are to form 
respecting the Milky Way. If the galaxy is, Jl/rst, 
a clustering aggregation separated from us by an 
interval comparatively clear of small stars { aeoondip, 
so shaped that the cross-section of the stream is every- 
vrhere not far from a roughly oiroular figure} and 
thwdly, associated very closely with the bright stars 
seen in the same field of view, then must its struc¬ 
ture be somewhat as shown in fig. 6, in wMoh the 
discs represent lucid stars (very much exaggerated 
of course in size), while the fine dotting represents 
the spiral of relatively minute stars, olustering along 
the spiral group of leading stars. It will be seen 


at once how, to an observer placed at S, the various 
features of the, Milky Way can be accounted for 
by this figure., Towards a would lie the gap iU; 

* If the olohd^Sof a ^inmer eky arreiyed themsolves In rank aiid 
aic 00 as exaoyy;|^([^eai>(md to the 
which I view thoti lj^; I ij^itei I ihonld hot 
as more amazing 

tho stars if those rotations ate,4uo to, oh^co ^l&tiibutlohi . ' i 
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Argo ; towards b two branches, one faint, and in part 
evanescent throxigh vaetness of distance, the other 
forming the brightest part of the spiral; towards d 
the projection in Oephens; towards e the faint part 
of the Milhy Way in Gemini and Monoceros. The 
Coal-sacks would be simply accounted for by con¬ 
ceiving that branches seen towards the same general 
direction, but at different distances, do not lie in the 
same general plane, and so may appear to interlace 



Fig, 6.—The Milky V^ay regarded as a Spiral, 


upon the heavens. We are not only justified in sup¬ 
posing this, but forced to do so by the way in which 
the stream of milky light is observed to mmder on its 
course athwart the heavens. The branching exten- 
Blons serve very well to account for the appearance of 
the Milky Way between Centaurus and Ophiuohus, 
where the interlaoing branches and the strange con¬ 
volutions clustering aggregations described by 
@ir John Herschel are chiefly gathered. 

I would not have it understood^ however, that t at 
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all insist on the general shape of the spiral shown 
itt fig, 6; On the contrary, that curve is only one 
out of several which might fairly account for the 
observed appearance of the Milky Way 5 and I have 
often felt inclined to doubt whether a single spiral of 
this sort is in reality the best way of accounting for 
the observed appearance of the galactic zone. What 
I do insist upon as most obviously forced upon us 
by the evidence is that (1) the apparent streams 
formed by the Milky Way upon the heavens indi¬ 
cate the existence of real streams in space; and (2) 
that the lucid stars seen on the stream ore really 
associated with the telescopic stars which form, so to 
speak, the body of the stream. Whether that stream 
form a single spiral or several, or whether^ instead of 
B^wals^ there mwy not he a nv/mhei^ of streams of 
small sta/rs^ placed at different ddstanoea from and 

li/ing in all directions rovnd the meMal plane of the 
gala<x>yy but more or less tilted to that plme (the sun 
not lyingAuithin any one of the 8ireaws),are questions 
which can only be resolved by the systematic scrutiny 
of this wonderful zone. 

The chief points to be noticed among the considera¬ 
tions flowing from these general views are these;— 

In the first place, the only marked diSerence be¬ 
tween the stars of the leading magnitudes (say the 
first ten) lying iii the galactio zone, and those lying 
without it, consists in the fact that the fo 
associated with countless multitudes of smiiller stars, 
while the latter appear not to have such attendants, or 
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not 90 many of them. We shall see preaently that the 
extra-galaotio starB are asBooiated, and in a very in¬ 
timate manner, vdth groups of very minute stars—of 
Btars BO minute indeed as not to be separately dis- 
oornible—so that astronomers have been led to regard 
BUoh groups as external galaxies, But except in one 
region, we do not find outside the galactic zone any 
appearances reminding us of the aspect of the Milky 
Way itself, In that region lie the two Magellanic 
Clouds, resembling the Milky Way in their generd 
appearance, but seen, when placed under telescopic 
BorUtiny, to differ from it in this, that among the 
minute stars which cause the milky light are numbers 
of nebulte, of olaBses not found commonly, if at all, m 


Iho galaotio zone* 

In the second place, we must conclude that un¬ 
counted millions of stars exist which are very minute 
indeed in comparison with those which we have beem 
led to regard as suns. That these relatively minute 
orbs may bo absolutely large-far larger, for instance, 

than our own earth— may indeed be accepted as certain. 

But it is difBoult to believe that they subserve pur¬ 
poses similar to those of our own sun. One cannot 
bub see that orbs such as these would not have that 
permanence of character, as sources of heat-supply, 
which would seem to be necessary in the^case of a real 
B„n. We know, indeed, that among the small stars 
of the Milky Way there is a proneness to 
variation which is not recognised, or is “^together 
c'Lal, among the lucid sUrs. In the neighbour- 
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hood of blio Milky Way, with soavoely an exaepLion, 
tlioao temporary atarfl have bltusod out which Imvo 
formed aaubjeotof Buoh perplexity to tho thoughtful 
aBtronomor. Under what conditions tho omall orbs In 
the Milky Way aotunlly osdst, whether oluators of 
them will ovontunlly sogregnto from tholrnoighbours to 
form 8 UU 8 , or whothor, after long voyaging iu nplml and 
contorted paths under tho varying induonoos of the 
nttraotions of loading stars, those minute orbs will, for 
the most part, bo forced to settle down as atteuclanU 
round tho major ones, it Is ns yet altogether impossible 
to judge. It may be that they boar tho same sort 
of relation to tho lending stars that oerlain oometie and 
moteorio ftiraiUos, referred to In Ohnpter IX., hear to 
the major planets of the solor system, not being in any 
0086 absolutely dependent on any largo star, but yet 
returning in oyeloa, whioh must bo inoasured by 
millions of toons, to temporary dopondonoo on one sun 
after another \ until in the ooum of time, under the 
notion of prooessos somowbat resomblhig those I have 
oonoolvod to take place in tbo formation of the solar 
Bystom, the oonditiona under wbtob they move will 
have become so ihr altorod ns to lead to the breuki.Dg 
up of the hfllky Way into dlatinot systems, Indeed, 
tis Sir William Hiersohel was led by other coniidam* 
tlous long ainoo to point out, there are signs Jn parts 
of tho Mlky Wiiy whioh would seem to indloaio that 
BQvoral Buoh systoma have already reached an odvanotMi 
stage of devolopmeati 

But perhaps the most Importaiit oonoloiiton do« 




MINOM STARS. 


255 


duoible from the oiroumstancea I have dwelt upon 
^asBuming my interpretation of them to be in the main 
con'eot) is this, that we can no longer suppose we 
have in any direction pierced to the limits of the 
sidereal syatem. So lon^ as a general approach to 
uniformity of distribution was understood to prevail 
within that system, there was a ready means of deter¬ 
mining when the tolesoopist had reached in any given 
diredtion the limits of the system. To use the words 
of Professor Nichol, ‘ When an eye is directed towards 
a prolonged bed of stars, there is no reason to fancy 
that it has reached the termination of that stratum so 
long as there appears behind the lummaries which are 
individually seen any milky or nebulous light j such 
Ught probably arising always from the blended rays 
of remoter masses. But if, after struggling long with 
a nebulous ground, we obtain a telescope that gives us 
additional light with a perfeotly black 8hy,^e then have 
every reason the circumstances can furnish on behalf 
of the supposition that at length we have pierced 
through the stratum} a probability, indeed, which can 
be converted into certainty in only one way-viz^ 
when no increase of orbs foUows on the apphcation of 
a still larger instrument.’ Sir John Herschel has ex¬ 
pressed a similar view, and there can, indeed, be no 

Lubt that, adopting the fundamental hypothesis on 
which accepted views are founded, the ea a ov 

described is an absolutely certain one. ^ 

But if, instead of penetrating farther and father 
Into space when ‘struggling long with a nebulous 
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ground* (to uaa Profeasor Nichol’s atriking bub some- 
yrliat incorrect expression), wa have in reality only 
been searching with more and more minuteness into a 
definite cluster or stream of stars, we can no longer 
come to the conclusion he has insisted uponi We 
have reached the limits of minuteness which the stars 
of the cluster or stream attain to 5 we have learned 
lierhaps all that we can leai’n about that cluster or 
stream; but we can no more be said to have reached 
the limits of the sidereal system in that direction than 
we can be said to have reached the outermost hounds 
of the universe in the direction of the cluster in 
Hercules, when that magnificent object has been 
thoroughly resolved with the telescope. 

Here, then, if I have seemed to narrow the limits 
of the sidereal system by bringing the star-myriads of 
the Milky Way, whioh hod been, regarded as many 
times farther from us than the lucid stars, into direct 
association with those luminaries, I make amends by 
pointing out that in all probability the limits of the 
sidereal system lie far beyond the range of the most 
powerful telescopes man has yet constructed. In faot, 
there is here a somewhat singular interchange of posi¬ 
tion between the new and the accepted theories. Ac¬ 
cording to the views usually accepted, the small stars 
in the Milky Way are really as large, on the average, 
as the lucid stars; jvhereas, according to my views, they 
are relatively minute. But aooordicg to the accepted 
theories, the scattered stai's of very low magnitude in 
the extra-galaotio heavens must be’regarded as rola^ 
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lively miniitej since it has been rendered certain, ac¬ 
cording to those theories, that the limits of the sidereal 
system are relatively close in this direction, and we 
cannot suppose these stars to lie beyond those limits 
(as they must do, if really large). Now, according to 
my views, there is nothing to prevent these minute 
stars from including among their number orbs as vast 
as Sirius, or many times vaster. Nay, even within 
the galactic zone itself there are stars to which my 
theoi’y gives as noble proportions as the accepted views. 
For in the southern Coal-sack tliere are minute tele- 
Boopio stars, ns Sir John Herschel tells us, and these 
orbs, according to the accepted views, must be regarded 
as belonging to the galactic circle, though inexplicably 
segregated from their fellows. According to the views 
I have been led to form, many of these telescopic stars 
must be regarded as suns lying far beyond the galactic 
spiral, or perhaps associated with outer whorls of this 
spiral which no telescope made by man can ever reveal 
to us. 

And this leads me to consider two phenomena 
which are altogether inexplicable, I conceive, on any 
theory except mine. 

The first is the existence of excessively faint streams 
of light—star-streams, doubtless, though the components 
are not separately visible—in certain regions of the 
heavens. Sir John Herschel, who detected this strange 
phenomenon, speaks of the streams as so very faint 
that the idea of illusion has continually arisen subse¬ 
quently ; yet he dwells fiir too clearly on the ohartm- 
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U,ri«LlM of tlw plionomenon for any doubt lo mnnin 

aa to lt« reality. 'Hre ’ 7 * 

Hold of view— Iho minnlo poiiiUi of bomg '* ^ 

ihere, lliouglv it wna iinpoaBible lo »«e them i.idivuUmUy 
--a mottling wliiob moved with Urn atora a« h« moved 
the lube to nncl fro, aiioli are tlio tcrma in wblcb . ir 
Jolm HerBohol apeaka of tlua intercatlng plreimmomm. 
Now no doubt whntovor fiin oxi«l. Ib«t if 

faint atrotmiH really belong (o the aidorml 8y«b'i<aiu«y 

nro loft ftltogothcr unaoeonnied for by ibe ortbnnry 
vlowfl vcape^ting Urn atracturo of tlmt ayatom. U.cro 
la no continuity between lUe alnra composing Umm and 
ovon the minuteat UsloBcopio Blnra vlsiblo in Uie Bame 
ffonorel dirocUoii j bo that a vast void imist Beparnto 
them from the outemio«t of those toUnseopio ato*. Ac^ 
oording to my theory, ttrey probably belong to outlying 
whorlfl of the spiral galaxy, and the tdeawjple stars 
seen upon them bear the wuno relation to them that 

the lucid atara bear to the Milky Way. 

The second point is perhaps even more aUriking. to 
certain clireetlons 8lr Jolm Hersehel reeoguised the 
oxistonee of two or more distinotly marked olawea of 
8tar8,n8 though, he said, doUnlte aeto of atom, sepa- 
rat©d^ by comptrotlvely void intervals» toy l« 
direotiona. It is clear that this iwoebttlon of the 
Htara Into sets Is oa distinotly opposed to the vlows 
ordinarily ncceptod «* It Is obviously an ttmngement 
to bo expcotod ftedotfdiag to my thooi'y of thb oonstltu* 

tion of the sldeml syatom, . 

But we need act proceed beyond thfr apUeto of the 
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lucid stars in order to find evidence of sucli association. 
Amazing and iuoredible as it may at first siglit appear, 
tUose orbs wliiob have been visible during so many 
thousands of years before the telescope was invented, 
the stars which ITevelius and Ptolemy could chart and 
catalogue, have been teaching men with unmistakable 
olenrnoss a lesson which hitherto has been persistently 
noglooted. 

It had long since occurred to me that the lucid stars 
are not spread over the heavens with that general 
apiM’Ottch to uniformity requhed by the accepted 
theories. In constructing my gnomonic charts of the 
heavens, though these include only the stars of the first 
fi ve orders of magnitude, I recognised clear traces of the 
existence of star-streams and star-reticulations, rich 
regions and barren spaces, which the laws of probability 
would not permit me to regard as duo to chance. 
. distribution.' 


' I tried llio experiment of distributing 2,000 points nt random 
over ft square aurfaoo. It Is not quite so easy as it might at first 
ho thought to soonro a pertootly random distribution. The plan 1 
adopted wna the following s-Taking a book full of numerals (I trsed 
n lablo of lognrlthma), and opening It nt random, I brought the 
point of ft ponoll down on the open page. Whatever numeral the 
ponoll-polnt fell nearest to, I untorod In along list of numerals 
formed on this plan. Then dividing the aides of my square into 
100 parts, and tho square Itsolf into 10,000 small squares, I took 
tho nnmorala In sols of four to indicate the places of a number of 
dots, Tlius, supposing tho first tour numerals to bo 2371, 1 took 
that small square which was tho twonly-Uiird from one side of tho 
largo squftfo and tho sevonty-first from an adjaoont side, and 
marked a dot In that square. Doing this for 2,000 dots I had a 
nortootly random distribution. No well-marked stronras, rotiouli^ 
lions, vaouttlos,or rich regions oouW bo rooognlsed In the result, 
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But while my larger atlas was in progi^csa this 
opinion grew into conviction. In some of the maps the 
bareness of certain regions contrasted so strangely with 
the richness of others as to give an unfinished appear¬ 
ance to the work, I determined that as soon as I bftd. 
leisure I would combine in two large maps of hemi¬ 
spheres the twelve maps of my atlas, in order to soe 
what the real relations might , be which were only 
partially indicated in maps covering hat a tenth part of 
the heavens,^ I selected for this purpose a mode of 
projection described in my ^ Hand-book of the Stars, 
but first suggested, I have since found, by Sir John 
Hersoheh It represents equal areas on, the celestial 
sphere by equal areas i/nplcino 5 bo that, though there 
is considerable distortion, the real relative richness of 
different regions of the stellar heavens is accurately re¬ 
presented. The accompanying large plate represents 
a reduction of the maps thus constructed. 

I leave the exhibition of minor peculiarities oi 
stellar distribution—star-streams, star-retioulationsj 
Btar-blusters,ahd so on—d;o the maps themsel ves, which 
will, I think, be found to well repay careful study* Bui 
I applied tb the original maps a further process of in¬ 
vestigation in order to deduoe the real charaot eristics 0 
the rich and barren regions I had noticed while con 
I con aider, top, that whore bo many dots were marked in, on 0 trie 

waa as good as avlargo numhor, , - ” . •> 

J The maps of my atlas overlap caoh of tlio tiwolvo, inoiucllng 
tenth part ot sphere, Thp ^render rn^y .perhaps b sui 

prised that the pcoullarifcios I rofoi to shpTaVd nplihay^ IjQon notice 
while other star atlases were' coastruot eel. ,. 

In all foimor Stax iifclasea, WiU suttioe 
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etruoting the large atlas. The plan I adopted was 
Bufflciently simple, I out out the portions of the map 
whioh seemed richly or sparsely dotted with stars, and 
weighed the paper. The relative weights of different 
portions gave me the relative areas, and thus it was 
only necessary to count the number of stars in order to 
determine the relative richness of stellar distribution. 

The regions I selected for special examination by 
this method were the following:—- 

1 . A nearly circular region in the northern heavens 
surrounding the projection of the Milky Way towards 
the North Pole, and having a radius of about one-fifth 
of the map’s diameter. I call this the riohest northern 
region. 

2 . A much larger region, including the last, and 
occupying the middle of the northern map. I call this 
the neh omtral northern region. 

3 . A large circular region, occupying the middle of 

the southern map. I call central southern 

region. 

A somewhat triangular region, included within 
the last, and occupying the upper right-hand part of 
the southern map (between Sirius, Canopus, and the 
constellation Crux). I call this the richest southern 
•' region. 

5 - 6 . The remaining, or outer, parts of the northern 
and southern maps. 

V-8. Two very barren regions bordering on the 
rich northern central region—one towards the lower 
half of the northern map, the other towards the 
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upper half, I call these the poorer noviUern regions 
L aTicZ Ih 

0-10. Two corresponding eonthern regions, one 
occupying the upper right-hand quadrant of the 
northern map, the other occupying the lower quadrant 
of the same side. These I call the poorer 80 uthe^*n 
o'cgiona I. and II. 

Easily, I talce the northern and southern portions of 
the Milky Way, and the gaps and laounaa in the Milky 
Way. 

Haying selected these regions for comparison,^ and 
applied to them separately ^ the scissors and balance * 
test, I have deduced the following results:— 
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But Burprising as these results may seem, the qaes- 
Lion whether such peculiarities of stellar arrangement 
may nob be regarded as due to chance-distribution 
remains to be considered, 

It has been so often urged that amongst a very 
large number of stars such peculiarities might be looked 
for that many will be disposed to dispute the assertion 
, that unifomiityy not pemliarity of distribution, is to 
be expected among a large number of points spread 
over any surface according to true chance-distribution. 
Yet so it is. The laws of probability tell us that 
whereas among a few such points peculiarities need not 
surprise us, uniformity of distribution will inevitably 
appear where there aa’e many points, unless some spe¬ 
cial law is in operation to prevent such a result.^ 

To illuskate the amazing weight of probability in 
favour of the existence of laws of aggregation and 
aegregation among the lucid stars, I will state the result 
of a process of calculation I have applied (in accordance 
with the recognised laws for determining probabilities) 
to the statistical relations presented by the two rich 
regions in the northern and southern hemispheres ;— 
The vast scale of the universe of the nebulm (or, as 

» As a familiar iUustratlon oC tiliolaw of probabilitios iuquQS- 
tloa, wo may talce tbo ooso of tossing a coin, If a coin bo tosaod 
six times, tlioro will bo nothing very snrpiislng in the rooniTouco of 
" ‘head ' (say) four, flvo,' or ovon six timos—thab Is, if two-thirds, 
Avo-sixths, or the wliolo of the sorios of results aro of ono kind, 
But If wo calculate tho ohatico that In six thousand tossings thoro 
should bo BO many os four thousand rosxrlts of ono kind, wo Hud it 
BO mlnuto that tho concurrent tosblmony of all mankind could 
never make lb orodlblo that such an event had happenod. Tho 
probability ia the same os that referred fco in the text a few Unea 
" further on, 
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it has been called, the Mnwevsc of %t/nvoeTBes\ as con¬ 
ceived by Sir W* Herschel, is well known* N^oWy iJie 
fTohahiUiy that the obaevved relation results 
ohmce-diBinhutioniamany milliona of times less than 
the chance of d/rawing one particular grain^ s'malleT 
many million-fold than the mimikst ohject visible i/a 
the most powerful microscope andVying withi/n ct space 
compactly filled with similar grains^ and large enough 
to encloae many millions of the unwerses of universes^ 

The probability that the more remarkable rolationH 
presented by the richest and poorest smaller regions re¬ 
sult from chance-distribution is indefinitely moro minute 
even than this inconceivably minute probability* 

But since the above lines were written I have gone 
much fiu’thor with the illustration of this matber by 
star-charting* Tor I have combined in a single chart 
all the forty largo folio charts of Argelander^a Atlas, 
containing no less than 324,108 stars, all preBentecl on 
the same isographio projection as the accompanying 
chart. In this map of many stars, the place of the 
Milky Way is actually ^mapped in* by the stars them¬ 
selves, not as hero, by a separate indication. I would 
refer those who desire fuller information respecting the 
arrangements of the stars in space to this chart and Its 
explanation (published by Mr. Brothers, of 14 St. 
Ann Square, Manchester). 

The evidence in favour of special laws of Btellar 
distribution is, however, far from exhausted.^ 

• Indood, X an\ unable, wUliln the space hero nvallEihle to 
mo^ oven to touch on a tenth part of the ovldonoo I havo giilhorod 
together In my note-books and portfolio of charts, 
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Quite early in my consideration of the subject I am 
now upon, tbo idea suggested itself to mo that in the 
proper motions of the stars we have a means of forming 
an estimate of the distances of these orbs; and further, 
of detecting any laws associating them together, 
whether into streams or clusters; and that the evidence 
thus obtained was likely to be in many respects more 
trustworthy than that afforded by the apparent magni¬ 
tudes of the stars. Two processes of inquiry suggested 
themselves. The first consisted in a careful comparison 
of the mean motions of stars of different apparent size, 
in order to determine whether, on the average, small 
stars are so far off that we can look upon them as in 
reality no smaller on the average than those which 
appear larger. The second consisted in charting down 
the proper motions, so as to detect any signs of star- 
irlft which might ha^fiy appear in different parts of 
the heavens. I confess that I had not by any means 
expootod results so strikingly confirmatory of my views 
as those I actually obtained. 

The first method of inquiry, instead of giving an 
average amount of proper motion to the smaller stars 
somewhat, or perhaps even considerably, greater than 
was to be expected, according to the theory which sots 
these stars at an enormous distance, actually gave 
them a mean motion equal to that of stars of the first 
three magnitudes. It became evident, then, that not 
only are small stars (I am here speaking of stars visible 
to the naked eye) mixed up as I had thought with 
bright stars visible in the same general direction, hut 
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that dtaUiftoa Is ksa availubb to explain tlie »mnl)ne«s 
of tlioBtara even than I li«d nupiMWjjd. I liad thought 
that certainly a large proiKirtlon of the small «lnra innst 
lu reality be very far from us} but it apitearetl tbnt 
the proportion of atars whoso sinnllnosa Is bo to bo 
accounted for is in reality exceedingly mlrmle. There 
must therofore bo inyfludH of really sJnall Klara for 
every lending orb. 

The second inothod of rosearoh led to llm strange 
result that in many parte of thei heavens a comuiunity 
of motion can bo rocognised, antong Blar^groups for 
larger lu extent than any such groupa n» I had? 
expected to find thuB drifting tlirough epee. KnoW" 
lug Uiab wlmtever view wo form of the sidereal universe, 
we rauBtyob rocogalse the fnob that in every direction 
slai'B at very diflhrent distances ore vlaible, .1 hud not 
: hoped to find over any large region of spaca the 
traces of a oominumty of motion. Nor eveti In «m«ll 
regions had llioped to recognise very deeided traewof 
star-drlfb, beoftuse I was oonsolous that, even with three 
or four stars really forming a drifting groupi there 
would nearly always bo found three or four others, 
either muob farther off or much nearer, and olUiether 
dissociatod IVom the drifting set. Indeed, I ttnoglned, 
when I hogWs,;iihe inquiry, that the ttn^t remarkable 
instonoe of lii^driCb la the beavens was that detoeted 
(though dlfpsetoy explained) by MMltr la the eea- 
itejilntlda TfiiOin*. 
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tho inosl I'tnnavkiible iiiHtanco of all is that illustrated 
in the adonnipaiiying plate* This picture represents 
the incjlions in tlic consi^ollations Cancer and Gemini* 

It will lie noUeccl that though here and there stars 
appavtmtly not belonging to the system appear in 
the sainii range of view, yet the star-drift is uninis- 
tiikablo. Tlie general parallelism of motion is very 
striking; and the diflerence in the amount of motion 
observed in different stars is only what was to bo 
expected in a star-group whose range in distance, if 
equivalent to its lateral extent, must be such as fully 
to account for the range in the amount of apparent 
motion* 

Fig. () exhibits one out of many parts of the 
heavens in which different sets of stars are observed to 
be drifting in different ways. 

It will be seen that here there are three sets—those 
included in the space a, those in space 6, and those left 
unenclosed. These groups are very obviously drifting, 
each in its special direction. The stars within the space 
b arc jQ, 7 , 8, a, and ^ of the Greater Bear with three 
Binaller sturs. Thoir drift is, I think, most significant. 
If in truth thc.parallelisin and equality of motion are to 
be regarded as accidontid, the coincidence is one of a 
most remarkable character. But such an interpretation 
can no longer bo looked ixpon as admissible. For Mr. 
IBiggins has found that these stars 7 8 , a, and ? are 
all receding from the earth at the rate of aboxxt seventeen 
miles per second. This was the one piece of evidence 
necessary to establish my theory, that those stars form 
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a drifting system, But the peculiarity is only ono of 
a series of instances, some of which are scarcely 
striking. One of these is presented in fig, 7, in ^vlnoli 
the proper motions in the stars a, /Q, and y Arictie, 



Fig. 6,—Observed Proper Motions of Stars iu Ursa llajor and 
Noiglibouthood, 


and four other stars in the neighbourhood, are 
exhibited,' 

Here ^ and y may bo regarded as drifting with 
but having a motion of thoir own in addition, sutlicing 
to account for the want of strict pamllelism between 

' In all tbroo figures tbo proper motion indicated by tlio length 
of the arrow attaohod to a star covrosponda to tho alarms motion In 
5(3,000 yeara. 
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li> thn ilhiMinilidiif unci to c|n<ilotlH) wnnljt of 

lliu fjvrillorti* nujilcu’h niJislc‘r of lliul. Idtul nf rof?<*!ur]» 
wliirSi I hav4‘ liroii ;nlvoi*JiUn||[ Wo nmii't 
(Irlovn^d front cl\vc?llin/| iMuuau'iiiivitly uiul floHoly on 
tlu^Ho H|n!oiilul.ivct vic'wu liy any idou of i.lioir 
JiMHft whirh ( ha oliJooloiM n/juiimf ** pujjor joiCrnUotny’^ 
iniiy cui luiaiii, or by llio n?nl ahanlca inM^r^ of I ntaforial 
llu'Cacln out of wliiah any cuiniMHilcal y of (Im» 

utiivcn'fif^ liU!; (at- pnaaMil,) fo bo vvnvrn, '* 

//ac/o”* in i.ltin atapo of onr knowbal/jo ia tinib^ aa 
/food II inoUo UM Nowion'H N\m Jhujo*' lonvidi'il 
alwityn (ln‘y bo nc»f bypolhoac^M UR io inoiic>a id’ ji)iyai‘‘ul 
aol.ion fccr wlijoh (‘X)M*vif’Ui!o ;pvc?R no wiuraul^ 

' ll MhaaM Uo uallfMul Hiai \v}iiO Im* iM<anO Uy 

' ]iy|ii)lhi'niin ’ wlicirt ho nah! nmjuhj.f* dimI timf ho>IM 

noli nhjoiit |o wluit )i»vo How oomiiioiily (IliiuiiuU lloi 
WooIm) ooino io \h) ro/roitloU im liyjiollo'.ioH, Howlou ih^Roni a 
thoMla iiM whaliivor hi ina ihnltiot*i| fooii tlia jfilioHniiiiijjn. 

^ S''ioiu a hsM.iu' inMnvi!i(iil \>y H\v Mi-o otiiU l.o tJio 
wcilor, 1 , 



CHAPTER XII. 

THE NERULiEi ABE THEY EXTERNAL GALAXIES? 

In the last chapter I have indicated reasons for be¬ 
lieving that tl^e sidereal system extends far beyond 
the range of the most powerful telescopes man has 
yet been able to construct. It need hardly be said 
that, supposing this view to be correct, we cannot 
possibly see any external galaxies unless they siu’pass 
our own many thousands of times in richness and 
splendour. Every analogy that we have for our 
guidance points to the conclusion that if our galaxy 
have limits, and there oxist in space other galaxies, then 
those outer systems must be separated from ours by 
spaces exceeding the dimensions of the several galaxies 
many thousand or many million-fold in extent. We 
know that the distances separating the satellites from 
their primaries exceed in an enormous ratio the dimen¬ 
sions of the satellites. The distances separating the 
planets from each other exceed in an enormous ratio 
the dimensions of the planets. The distances sepa¬ 
rating our solar system from others enormously exceed 
the dimensions of the various solar systems. And 
we may conclude that in all probability the distancea 



vTUHn ivoHLirj ruAS 


r /2 

m^pjirnlin>; our Kitlorttnl Hyufom finni lUtur i^iunlin 
Hynii^iuH in iijuirn rnujil r>i:rnr<l in lui (MininiHUM mtin 
tlin tlliinnisuMnH nl* nur/jalnsyi uml iirall *olittv riiirti 
MyHioniH. 

Tlial. ihn «i«lon'ul nyMlfau \uv\ liinifn \ umI ilunM, 
Of (ttiUVHU iL inuy l»n uo-nxl.oiinivn u itli H\y.o'v I hat 
(ibmjhitoly inlhiifi^ in oxlnnf. Hut. wn Imvo no r« :iM>n 
for l)ali(win|{ Unit, in nHin|ipi|o|> by aft p, iiMni Jiyaioiu 
((^Hyrshnn, unl it w lmvi\ rourlnal Mn^ In/fbo^ J olu-ia uf 
Hynlnin IcHiiwu Id uh, wn hav(^ rmrlu d ihn irul {iuiuikiil. 
of I,hail purha|m atlujijnl.luT liinillrf^n rarijp' of afi-ju, 
Wo icinuv, iiHloial, lUnl ifli/jhl. <Im umI, muII'p v i xliuofiun 
in Ivuvorsinff ajj)u*o (mnl wi? liavn aa yof no rviplinn’o 
Ihiiii Uf dntja), Ihn oxlouloflho niilnoal hyvAi^m ifumf Im 
liniilocl, Hino(i ollnn wiiit^ Mm wlmln nf (bn H*av-lil fihy 
hIiouIiI KhiiiM wil li Ibo linllianoy of J Ainl \vi^ 


* Tlitii itif (»nviniir<} InO: If iii»tf fitUMu)n|jf 

hn mtcopiiul thiMv1ii»](!i af lift r*>n«'o)vt it it»ni 

Mplmrlmii uliollsi, liavla^ tmr imilli al. Mmp iumln', Mk? -tf 

I'liOi uliall lusliiffir. TUvn laKln|.^ Jaym aln’llft, nl n itnaaio ar, 
Uin olln*]' ati H <llnluniior' (Italli r aiai inttr'li ao onr Uani 
tutu iiiuir till) uatiinpr of riiiirti in itianp Miirila wUl lu* n* 

r^r njiiiutnUvoly lhaU(», will vary loi i Att\ 

tliloUnoRi of Mto aholl nail llio aijimro of IIfi irulhm. (Wvtn I noi t^l 
wiUi lliiain UapiataivH Mutrianiiry whu h J 
iwnmlili’Titil in Miu lual Oiiijilor, lutnairto [ aanjvMii.! ^ht W 
luifniah to Inolailo willilnMi nil viuli lUa nf lUnltUoiMna luA «ai* 
Krig^allon, 'i’liiri npfilit'a also to wlinl fnUifwa.) Knw Mioavr),trrt 
apjiaraat nbn of Urn aliira of taai mIoII will ha lo Iho a^- 

niuont aka of Hlara InMiantiji r in fha Inviopa i riHfoM-iM Mot 
raMproMvo nuili of Mai ahallis Mm IntMiisIn bilHhno-^i of 
mutivoil from Mat Hlaiaof aaoli *lhuFi Mm n*tol 

Eiiaount of HkIiIi from Mm Mlara of oaa almll U to Miot^^f^il HOomtO p^f 

llalit ftuia blum In Iho ollmr lui r^r a } ; a I ; K Hnsi a, 

fi 
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ciUTj tliis aigiiment even fnrther. For, though 
aicloreal system shoulcl be limited, but other systems 
similar to it spread throughout the infinity of space, 
there would still result this iiieffablo blaze of light, 
surpassing the liglit of day as greatly as the vault of 
heaven surpasses the diso of the sum And this again 
^^on]d be true, though this system of systems were 
liniilod in extent, hub siUTounded by similar systems 
of ays terns in tlio infinity of space • And so on, let 
the order of systems which iinnlly becomes infinite in 
number be wbat it may, There is only one way to 
osenpo from this limitless series of system-orders—that 
is, by accepting as true the hypothesis that light suffers 
ox tine t ion as it voyages through space. But it is 
worth noticing, when we are actually dealing with the 
infinity of space, and when, therefore, limitless eoncep- 
tions are not paradoxical, but in reality as available for 
our purposes as finite conceptions would be, that if we 

ftni>l>oslii|? tlio amoiinfc of light received from one slioll to bo itli 

h 

part of that which wowld bo roooived if the wholo celestial sphere 
wore £ia In-lglit us the sun’s (that is, as a star’s) disc—A being 
eiioriuausly largo, fcho amoiiiib rocoivod from tho other ia also 

^Ih of this amount, and tho total from all tlie sholla must tlmro- 
foro bo 

..tolnnuity. 

Kow, ly taking h terms oC tlila series (or It sheila out oC our inllnitc 
series ot siiolis) wo aliould got ntiity, timt is, tlio wholo hcavona 
lighted lip witl) star-llglit or siin-light. Tlioro would bo o pio- 
porllon of stars in the same visual line, luid so Iilcling enoh other j 
blit since wo can take 2 h, 3 k, or infiitUij times it need bo, tlioro 
can bo uodanht that tlio wliolo iioavons would holiglitcd up wlHi 
solar brightness, Ooniparo next note, 

T 
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do adopt the belief in an infinite succession of ovdors 
of systems; that is, first satellite-systems, then plane- 
taiy-systems, then star-systems, then systems of star^ 
systems, then systems of systems of stav-systomH, and 
so on to infinity; and if we accept as true of this in¬ 
finite series what we know to bo true of the part within 
our ken, viz* that the distance between the componentH 
forming any system is indefinitely groat compared with 
the dimensions of these components, we no longer have 
as a conclusion that the whole heavens wotild be 
lighted up with stellar (that is, with solar) spUmdoiiv; 
even though, in this view of the subject, there avo in 
reality au infinite number of stars, just as in the view 
according to which the sidereal system extends ^Yith^nlt 
interruption to infinity,' 

* It is clear that wo no longer got, as in tho proviona notcj, a 
series of equal small terms. If wo tnko onr iuflnito sovlos oC ahnlls 

as before wo get for tho sidereal systom^t times i whoro Isfinlfio, 

amUhoreforc ^ finite. We must indeed aasumo to bo einnll, and 
h k 

so of other similar ratios presently to bo dealt with, With respect 
to the system of systems, we have those oonsidorations to fjnldo 
usAny of the spherical shells within this system must smvply t.o 
our skies an amount of light indefinitely loss than one of th(J hIioIIh 

within tho siOoreal system itself, say, i th part only, ^ Imlollnitoly 

large. But tho number of shells falling within that aystom 1 r very 
much gi‘eater, say, 71^ times as great whero Is finite. TUorofoio 
we get for tho total amount of light coming from tho Byatem of 

systems a quantity proportional to And so for tlio syatom of 

system of systems we get a qnontity proportional to i*“i 

h U W 

whore W is Indeflnitely loigo, »" very largo. And for each auooua ■ 
rive order we gotamuUipllct of the form where K is iudollnitely 
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whether we adopt this or any other view of the 
way in which external systems are arranged, this at 

Inrgo, and n very largo indeed. Suppose I, to be tho largest of nil 

those innltipiiors, then tho total amount of tight roeoived from tho 
Inlinito syslom of systems is proportional to loss than 

(in which v Is supposed to bo less than «), i.e. to loss than a 

Unite quantity—whioh will oven bo minute if k and « nro soverollv 
much greater than n and 

Tliis particular mode of escaping from tho dimonity suggosted 
by the niiimln allion of tho licavong, without adopting tho thcoiy 
that liglit suflorg oxtinotiou in its passage througli spaco, ocoiirrod 
to mo whllo I ^vas preparing a sorloa of papers entitled A Kow 
Ihooiy of tho Univorso> whioh appeared in tho * Student* in tho 
spring of 1869 i and I there exhibit the considoralions just dealt 
with.^ I was much pleased to lincl from a letter of Sir Jolin 1 lor- 
aohol s that tho same idea had (probably earlier) suggoslod ibsolf 
to him; and I was thus encouraged to believe that I hud not gone 
very far astray in tho whole series of papers, whereof tho matter in 
quoation had scorned to ino tho most speoulativo portion, Tho 
following aro tho words in winch Sir John Horsohol oxpimscs tho 
ideas above dealt with Ono of tho arguments advanced in favour 
of tho spatial oxtinotion of light was that, if thoro is nob such ox- 
tinofclon, tho whole heavens ought to bo ono blu'/o of solar light-- 
admitting tho universe to bo inlinito—because it was contonded that 
thoro could then bo no direction in space in whioh tho visual ray 
would not oncounter a star a srin). This argument Is fallacious, 
for it is easy to Imaglno a constitution of a universe litorally in’ 
finite which would allow of any amount of such divoetkma of 
penetration ns not to oncounter a star. Granting that it consists of 
systems subdivided according to tho law that ovory higher order of 
bodies in it should bo immensely more distant from the centre than 
those of tho next inferior order—this would happen. Thus in oiu: 
own, the moon is very near tho earth, tho satellites to their prima¬ 
ries, Those pvimarlos aro Immensely more distant from tho .sun, 
thoiv oontro i tho fixed stars again still vtoro .'mnnousoly more remote 
from tlio sun. Suppose om* system to terminnto with tho visible 
fixed stars; then imagine a system of such systems as remote from 
caoh other, hi oomjfarho7t, rvith thair dimoTtsloHSt as tho distance 

1 ' 2 
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miy vnlf in ti(>rtiuii, llml. if Hx' “lin ii nl. mitfr imvtH 
of o\ii* <»\vu rtitliivciil ho hoyom! Iho Iumi of tmr 

inosf poworful iiislnimoiitH ui»l I hiivo nh'>\vii tlmt 
(,horo lire rtfroiij^ vcuhomh for tl'in ooiudiiMiox thou lht( 
of oxinnal ^julasioH .•anuni, l.y any 
,K.HHil>ilily ho viaililo. Ho llial. ao.-or.lin); lo (hia vi.nv, 
nil roHolvahlo iiolaibo, al. haoK , n.ual ho .lianiiaao.l IV.-ni 
oatoi'ory of oxioriial j'alaxion. Nor will if ho 
t.honii-hl, prohahlo Mini, inoaolvalilo iiohiiho mo oxlonial 
irnlax’ioH, if oiioo llial. vi.nv of Mio .-xl.ml. of the Hi.loroal 
Hyslom in iiiloiiloil, 

Ihil. t.hovo aro iiulo|ioii.h‘iil. t*oii!uiloi'itlioii!i on whioli 

I profor now lo ilwoll, for lioli('vin|i' llial all Mio n.-hnlm 
h.!hm}; lo Ihoiutloroul nyaloin. 

[I-, will Imvilly ho ma-onnnry, lof mo roiiiark in itioia- 
iiiK, for mo lo poiiil. onl. liow thia mailin' in lomorml.’il 

wil'h Uvo Huhjool. of otli.n' worhiri. If in liio' Hail wli. n 
omo it in mhi'ill.'il lltui llano iiro o\li-viial j-alaxioii, it 
limy ho looUotl on nil a mallor of moall imi.mlmioo (..o 
lav iiH Lho Huhjoot of thin Ivoatiiio in .•oii.'.'in.'il) wlo'lhor 
\vo onn aotnally MOO llmno ('iilaxion or not. I amiiol, 
for itiHlunoo, in Uio oamo poHilion aa Mr. ^\ how.rll, who 
miHif.panl to Iho iiolnilio whal. 1 tako lo Im* llnir Irtn* 
phioo in Urn nnivonio, with tlm ox|.ri':Mi ohj.t.l of 
ovorllirowinn tlm hi^liof tlmt tla'i.* .-xiat otli.-r (-alaxi. a 
UH viml- OH tlm tiul.n'oal, or vnalor, Ihvoiif'inl will, aumi 
which art) iiovorally tlm conln-M of iilmmlary .y-'limnn 
within which ajpiin arc worhhi iw w«‘ll wtilt-il lo ho Iho 
Ihil lh(5(l Hluni iu i'ljjiiimvlmm wWh tini iilniM rnr> 

HyHUiiiiH mum from mill otlu^r \vmiM mOthUHl rm i rlmo 
II iitar W!on from Hio miii mol n*» on.' 
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abode of life aa this earth on ^vhich vre dwell. But, 
though my purpose is different from his, it is equally 
necessary that 1 should insist on the true position of 
the nebula). Because, if these objects form indeed parts 
of the sidereal system, the relations they present are 
of extreme importance. They exhibit to us within the 
bounds of our galaxy systems altogether different from 
the solar system, and thus suggestideas of other classes 
of worlds peopled with their own peculiar forms of life, 
as distinct perchance even in their general character¬ 
istics from any found amid the systems circling round 
stars, as the forms of life in Venus or in Mars must 
be in their special characteristics from those existing 
on our own earth. 

Freed from those analogies which led the elder 
Herschel to regard the stellar nebulas—resolvable and 
irresolvable ^ as external star-systoins, let us consider 
the relations presented by these and other nebulas 
without reference to preconceived opinions. 

We must first pay attention to one of the most 
striking of the discoverios which the spectroscope has 
yet enabled man to iniiko—the discovery that certain 
nebulas are gaseous. It is necessary to consider this 
significant discovery, rather than those which were 
the first to exhibit the real place of the iiebiilm in our 
scheme, because we shall thus be able to divide the 
nebula) at once into two great classes, instead of being 

By iiTosolvtiblo Btcllav nobuljo I mon.n tlioso aobulio 
though not rcHolvablo into Hiiira, yot proBont tho ohnracttH'isfeic 
fenturos which lead nsbronoriiors to boliovo that only increnao of 
toloacoplu power in ncedod in ovder to ofltoot rosolutioii. 
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led to this arrangemeut by following out ilie l 
of those long processes of I’esearoh by which t.l x<3 
great orders of nebulje were long since .sepnval t*^ (roin 
each other under the piercing scrutiny of Sir W^iIlium 
Herscheh 

The reader will see how tlie Hpoctroscopo ocHibl ut 
once resolve a question which ordinary 
would he all hut powerless to deal witln Tlio indHihi!- 
being self-luminous, the nature of the matter wln<*h ia 
the source of their light would be shown by Lhn rdm- 
racier of the spectrum, as distinctly as thoug-li Unit 
matter were actually present in the laboratory o f tlio 
Bpectroscopist. 

Mr. Huggins thus describes the obsorvution wliirh 
first revealed the true nature certain order h of {ho 
nebulte. The object under examination was a iiolniln 
in Draco, belonging to tbo class of planetary luslinhi!. 
^Ou August 19, 1864, 1 directed the tcloscopo ariaoil 
with the speotrum apparai^us to this nebula. Afc Ural- 
I sxisx^ected sonae derangement of the iiistruuRJUfc liud 
taken place, for no spectrum was seen, but only it wlmi't 
line of lightperi:)endiGulartotho direction of diHX>orHloii 
(that is, to xyhat would in the case of solar li^j;hfc la3 
the length of the spectrum), I thou found llutt blui 
light of this nebula, unlike any otlior extra-torroalrial 
light which had yet been subjected by mo to priHiiial it? 
analysis, was nob composed of light of ditforont ro 
frangibilities, and therefore could not form a sptJtif rniti* 
A great part of the light from this nebula in iiiouo- 
chromatic, and after passing through the prisniH rt?- 
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mainf? concentrated in a bright line, occupying the 
position of that part of the spectrum to which its light 
corresponds in, refrangibility/ A more careful exami¬ 
nation, however, showed that—a little more refrangible 
than the bright line, and separated from it by a darlc 
interval—a naiTower and much fainter line occurs. 
Beyond this, again, at about three times the distance 
of the second line, a third exceedingly faint line was 
seen. The positions of these lines in fclie spectrum 
were determined by a simultaneous comparison of them 
in the instrument, with the spectrum of the induction 
spark taken between electrodes of magnesium. The 
strongest line coincides in posidon with the brightest 
of the air-lines. This line is clue to nitrogen,^ . , * 
‘ The faintest of the lines of the nebula agrees in posi¬ 
tion with a lino of hydrogen.’ The other bright line 
was not found to correspond with a known line of any 
teiTcstrial element. Besides the bright linos, an ex¬ 
ceedingly faint spectrum was just perceived for a short 
distance on both sides of the group of bright lines. 
Mr, Huggins suspected that this was not uniform, 
but crossed by dark spaces, , Subsequent observations 
on other nebulas* induced him Ho regard this faint 

^ Ono of tho mosb intorostingr of Ulr. Huggins’s rcaonvolios into 
tlio subject of tlio light of nobulra is Ids attornpt to (hjtomino its 
inti'lnsio brilliancy. Jly comparing tlio light of certain gnfloous 
iiobuho with that of a sporm candle (of tho sIkq called ‘ six to tho 
pound ’), ho found that theso objeoia, assumed to be continuous, 
Hhino with a light varying in intrinsic billiiancy from tho i,fi00fch 
to tho 20»000th of that of anoh a nancllo. By n strnngo miscouon]!- 
tion, Mr, Lookyov, in disousBlng Mr, Huggins’s result, spoaUe of tlio 
comparison as though it related to tho absolute brightness of tho 
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Spectrum as due to the solid or liquid matter of 
nucleus, and as quite distinct from the bright 
into which nearly the whole of the bright light 
the nebula is concentrated/ 

Thus was solved a problem which had, for tho 
part of a century, perplexed astronomers. Tliorti wiih 
not, indeed, a full answer to all the questions of 3^^'* 
terest associated wdth the problem. But it had 
laid down by Sir William Herschel, as a Icgiti 
conclusion from observation, that certain orders of t 
nebulas ai’e gaseous, and astronomers had ranged hlxerii- 
selves for and against this proposition. Telesoojt^m 
improvements had seemed at length to turn the bcuUs 
in favour of those who held Sir William IlerscUol 
have been mistaken. Already the problem had sciOJXif-Ml 
all but definitely settled. And then in a momcnb thiH 
observation by ]\Ii\ Huggins had reversed the 
matter, It was now established beyond all possil^il U-y 
of futoe question that on the main point the groat tcKt 
of modern astronomers had been altogether iix tlus 
right. 

The orders of nebulm which give a spec tram 
bright lines would seem from Mr. Hugginses ohsoi'vri- 
tions to be (i.) the planetary nebula), (ii.) tho ring 
nebuloe, (iii.) the irregular nebulm. The spiral nol 

uebulns, saying tlmt ‘ such a candlo a qiiartor* of a inilo o/X is iJOpOOl) 
times more brilliant tlmu the ncbiilti/ Mr, Huggins’s roKiilt in 
wholly distinot from this, and much moro important, IHk csdiii- 
parison relates to the intrinsic luminosity of the nebular suUHt].iiirc. 
not to the quantity oi. light received from tho ncbulco. (TJicj tlXn- 
ianco of the cEindlo in Mr. Huggins’s observations is not oonHliluri’d 
in the result? it was a more mnlLcr of convenience,) 
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seem, for the most part, to give a continuous spectrum, 
but some of these objects give the bright line spectrum 
indicative of gaseity. The orders of nebula? which 
give a continuous spectrum appear to be the follow¬ 
ing (i.) star groups, (ii.) clusters, regular and irre¬ 
gular, and (iii,) easily resolvable nebuhe. Of the 
irresolvable nebulas a large proportion seem to bo 
gaseous.^ 

Here, then, we find the nebulce ranged into two 
important divisions, apparently sepiu’ated by a distinct 
line of demarcation* Yet one is temjited to inquire 
whether these divisions may not in reality run into 
each other by the fact that among nebulas of certain 
orders are objects belonging to both divisions* And 
the fact that beneath the bright-line spectrum of the 
gaseous uebulm a faint continuous spectrum may be 
seen seems also to point in the same direction, We 
know that, so far as the telescopic appearance of the 
Ticbulm is concerned, there is very striking evidence 

* Tho following olassiftcation of nobula) in this rospcot, by Lord 
Oxmantown, is intorosthig as indicubiiig the tcsiiUs o£ obsoiTatlons 
iimdo with so powerful an inslruraont ns tho great Tarsoiistown 
fccloBcopo (tho fi-fcot rodcotor). 


Clusters . , . r , 

ContlinuniB 
Bpcatf<{in 
. 10 

□ ni!SCOUA 

Bpeotruni 

0 

Certainly or probably resolved 

• 6 

0 

Oortainly or j)robably rcsolvablo 

, 10 

C 

13iuo, or green, no resolvabllity 

, 0 

4 

No resolvability detected 

0 

C 

Total observed . , 

. 31 

15 


Adding nobula3 not obsorvofl at Parsoiistown, tlicro are in all 41 
which exhibited a continuous spectrum, and 10 whloii gavo a 
tnim iiulioaiivo of gasoity. 
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of a gradual progression from clusters to irrosolviil^l*- 
nebuloBj and therefore we are led to inquire wliotli***' 
the spectroscope conveys a similar lesson* 

Now this question could only be answered satinfac- 
torily by the observation of a series of nebnlie haviii^-; 
spectra progressively varying, from bright lines on i 
almost mvisible continuous spectrum to a contiiinonH 
spectrum with the same bright lines superposed on if > 
but almost imperceptible, because their brightnesw 
little exceeded that of the continuous 8i:)ectrum. 'NVcj 
have no evidence of such completeness* But Captain 
Herschel has observed in the southern heavens a 
tering nebula with a continuous spectrum, on whifih 
he could just detect the three bright lines seen in fclit? 
spectra of the gaseous nebulm* So far as this evi¬ 
dence extends, the conclusion is obviouH that hliiJ 
various orders of nebuloc are orders of but a sinffl^i 
family. It will be seen presently that this concliunoi i, 
which is strikingly corroborated by other evidence;, 
has a very important bearing on the views we are bii 
form respecting the relations between the nobulio aiwl 
the sidereal system. 

The first process by which we must attempt to 
form a correct estimate of the nebular system corre*- 
spends to Sir William Ilersehel’s process of stfir— 
gauging. We must inquire according to what goneiuvl 
laws the nebulae are spread over the vault of heaven. 

Now, when this is done, it appears that there in 
a well marked peculiarity in the arrangement of 
nebulae, a peculiarity as striking as the existeneo of 
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the gahiotic oivcle itself. The nebnlce seem to withdYaw 
themselves fnmi the neighbourhood of the galaxy* In 
the northoni lieuvens they cluster very definitely to- 
^Vflrdfi the pole of the galaxy; in the southern they are 
arranged in streaina and clustcxang aggregations, but 
the galaxy itself is, in either case, left almost clear of 
nelxulfjo. 

If this peculiarity is accidental, the coincidence 
involved is most reinarkabhj. Had there been a zone 
of nebuhn, and that zone had shown a tendency to 
coinoideiioQ with the Milky Way, the relation would 
have been thought strilcingly indicative of a real asso¬ 
ciation between the nebular and the sidereal systems. 
But is the direct converse of this relation more likely 
to be the effect of chance ? Have not observers and 
experimenters concluded (in every other similar in¬ 
stance) that a law of contrast is us indicative of a 
real connection as a law of association? Is it not most 
surprising, therefor(5, that nearly all astronomers who 
have considered the relation in question have regarded 
it U8 uffordiiag strong evidence that the nebular system 
is wholly dissociated from the sidereal? 

Next let us turn to special features. In the first 
place, let us inquire whether the different orders of 
nebula3 exhibit any peculiarities of arrangement. 

We find that clusters exhibit a very marked prcifer- 
enco for the neighbourhood of tho Milky Way; resolv¬ 
able nobiiko seem to prefer the galactic zone, but not 
in so decided a manner; and it is only among the irre¬ 
solvable ncbuloi that we recognise that withdrawal from 
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the Milky Way which had seemed characteristic of the 
whole nebular system before wo considered its several 
orders. The fact ihat the irresolvable nebute form 
about four-fifths of the total number will account for 
the circumstance that a peculiarity really appertaining 
to that order alone should appear to belong to the 
whole system of nehulsa. 

Again, the planetary and irregular uebulm are found 
to affect the neighbourhood of the Milky Way. I have 
already mentioned that these objects arc gaseous, 

It is easy to see what general conclusions may be 
deduced from the peculiarities here touched upon. 
Obviously the first shows us most distinctly that there 
is a relation between propinquity to the hlilky Way 
and the character of nebul© as respects resolvability— 
a relation which points in the most decisive manner to 
the existence of a close association between the sidereal 
system of which the Milky Way certainly forms i)iirfc, 
and the nebular system from which clusters and re¬ 
solvable nebulro canuot reasonably be separated. It is 
equally obvious that the second peculiarity indicates 
the existence of a close association between the Milky 
Way and the character of the nebulro as respects 
gaseity; a relation which brings all the gaseous nebulm 
into close association with the sidereal system, since we 
know that among the extm-galaotic nebulm there arc 
many which are principally formed of the very same 
gases which appear in the irregular and planetary 
nebulas. When we consider that those peculiarities 
of configuration and of constitution which have alflce 



THIi NEBULjE. 


285 


Boemfifl to indicate that the various orders of nebulas 
merge into each other by indefinable gradations arft 
both associated in a very distinct nranner with the most 
marked pecnliarity of the sidereal system, and when to 
this wo add what has been already suggested by the 
relation of contrast between the irresolvable nebulcEi 
and the Milky Way, the conclusion seems forcibly 
impressed upon ns that the nebular and the sidereal 
systems are but different parts of one single scheme. 

But I pass on to other evidence, independent of 
what has hitherto been adduced, and pointing with 
equal force to the same conclusion. 

In the northern heavens it is not very easy to 
exhibit any general law of arrangement associating tiro 
nebula) and the fixed stars. For reasons which yet 
remain to bo detected, there are in fact many marked 
points of dilfevenco between the whole character of the 
heavens on the northern and on the southern side of 
the galactic zone. .But even in the northern heavens 
one peculiarity has been remarked, which is wall 
worthy of caiM)ful consideration. Sir William ITerschel, 
while prosecuting his series of researches among stars 
and nehulffi, was struck by tlio circumstance that, after 
sweeping over a part of the heavens which, was un¬ 
usually barren, ho commonly met with nebula); in¬ 
somuch tliat it was his practice at such times to call 
to his assistant (his sister. Miss Caroline Horschel) to 
‘prepare for nobuhn.’ This peculiarity was noticed 
also by Sir .Tobn Iferscbel. 

Now wbat aro wo to understand by Bncb a relation 
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HH ♦.{h'm? (Jail wo (liiit., owin/f h> ooiiio 

iiciailoiii, oxho'iiol /jaliixioH Iiavi' lioon pltiroil iilwayn 
oi)|toHil;o ilio l)iivon(.ro/|iniiH of l.lm Mysitciii ? ()r, 

Hul.l.lny iiHiilo Hiioli a iiofio)! UH (il)vit.nMly ionvilildo, mo 
uo 4,0 iiiui^'iiio iJiali wlioii ovor IIhiiui Itarii'ii 

mpotiH Mu) i>!i(i (inonior Ima a holior oliauco ol’ dofoi l in,; 
inditdm l.lian wlioro hIiith tiro tiioro riolily atri-wn, lir- 
CHiiHii i.lio nicy IH loan lillial \vi(li f(liuo? Wo aio fmaa d 
lo (litaiiifKi Irliia uo|,iiiii tliiil, llio l>aiI'oii ri'f;i>ina of ilio 
lumvoim an* Hum in a iimniior Mio ii|ty-liHloii of il„. 
Huloiasul HyaltMii, liy l.ho fao(,(i.vo:ionlIy, ami l-r um.tlior 
{nii’[)<)!io, III |)(t (hvolf (III inoi’o af loii;'lli) tlial, in (In' 
j\1a|;ollniiio (’louda, wla'i'o tilara tif all iiiii!;iiitmti‘,i nii' 
rmlily kI lowii) tiol)iilai| ovoii down (u (|io vory rainloal. 
ordoi'9, m'o nnno almndiinl, Uian in any oi lior io;;ion of 
lJn» lioavoiiHi Wo liavo l lion no ol lice lanti'liaiion lo 
form, lint tlaili (ho uaHooialion Hum olwoi vial lu'lwoou 
HlavlowH rogioim and rioliinma of nohnlar .lialrilndion 
indhuilam a voiy oKmo rolalinn indoo.l ladwooiit.laiM atal 
nolndioj tliaf, in t'nvi, tfm vrliiihi' hi, u, uniuit r< fn'i'iwnl 
llut miHHhiij Hlurti: tliul l/m riyloti. vtlirri' Ihtuu' uhiuhr 
m>rur hau l,pm UrahiUo/Hlar 'mlprluh, n„t„ 
ini ordiip U> form Uma, 

1)1 Hio aouHiorii Iicuvona yo(, nh'artn* proof'i ttxisl of 
an nHao)!iaUon Itotwooii Iho aloUar ami nolailar Hyafotim. 
Wo (1() iiol; rotiogniao in thn imilliorn Mkioa any widl- 
markcid Hlar-afroainH. In Hm Hoiillmni altioa, li.ovovor, 
Bimh HfraiiiiH liuvo Imoii i'oco,;niHnl fnnn llm oailioff 
agOH. Tlio oouHtollalioiiN Hydra amt KridaniiH, lla< 
two atroanm fmn tlio Wat«r-(Jnu of A)|uarluM, ami Hm 
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band 'bntweeii the Two Fishes,' indicate how clearly the 
y-Mionts traced certain well-marked star-streams. The 
moderns have traced the extension of some of these 
Htreams in the constellations G-rns, Hydra, Reticnlnm, 

into tiie near neighbourhood of the southern pole. 
Now the nebulm in the southern heavens exhibit a 
well-marked tendency to aggregate into streams. So 
that, in this mere resemblance between the general 
ohavao tori sties of the stellar and nehular systems in the 
southern heavens, we have a somewhat remarkable 
evidence of association. But when we consider the 
disposition of the two sots of streams—the stellar and 
the nebular—this evidence is very much strength¬ 
ened* There is found to be a well-marked corresj^ond- 
eiice between the nebular and stellar streams, not 
merely as respects general position, but even in minute 
details—the nebular streams following the windings 
of the stellar ones. Such a relation would be very 
remarkable, even were it observed but in a single 
instance. Since, however, all the well-marked star- 
streams in the southern Leavens are associated with 
well-marked nebular streams, no doubt can remain 
that the relation is not a mere coincidence, but indi¬ 
cates a real association between the nebular and stellai 
systems. 

But yet more striking evidence remains to be con¬ 
sidered. 

* I’hongU PI sees la nofc a floiithcm constollatio-n, yet it la Konth 
ol fclio gulaotio oivolo, to which I am for tUo moment referring the 
oonstollationa. 
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In the southern heavens there are two stnmgo 
clouds of milky light, which have long been known by 
sailors as the Magellanic Clouds, but are commonly 
called by astronomers the Nubeculoe. Each of these 
objects, when examined with the telescope, is found 
to be constituted, like the Milky Way, of multitudes 
of small stars. But unlike the Millcy Way, the 
Nubeculre contain within their bounds many nobuho 
of all orders. In fact, each of the Nubeculro is at 
once a star-cluster and a cluster of nebula!. 

Now there can bo no doubt whatever that the 
association hero is not accidental, that wo do not by 
some strange chance see a great star-cluster in the 
same direction as a much more distant .and much 
vaster cluster of external galaxies. Nor again can 
there be any doubt that the generally circular figure 
of each Nubecula indicates a general approach to the 
spherical form in the case of each cluster. The pro¬ 
bability that by some strange accident n cluster of 
cylindrical shape ’ might be so placed ns to exhibit to 
us a chcular figure is exceedingly small j but the 
chance that two such clusters should bo presented in 
so exceptional a manner may be regarded ns evanes¬ 
cent. We are compelled, then, to believe that, within 
the limits of spheres so placed as to subtend a small 
angle to the eye, stars of all magnitudes between the 
seventh and the twelfth inclusive are mixed up witli 
nebulra of all degrees of resolvability. ‘Taking the 

' Or, more correctly, a olnstor simped like a long rnistnm of n 
gigantic COHO, 
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apparent semi-diameter of the Nubecula Major at three 
degrees,* says Sir John Hersohel, ^ and regarding its 
solid form as, roughly speaking, spherical, its nearest 
and most remote parts diflfer in their distance from us 
by a little more than a tenth part of our distance from 
its centre/ ‘ It must therefore be taken as a demon¬ 
strated fact,* ho adds jDresently, Hhat stars of the 
seventh and eighth magnitude and irresolvable nebulm 
may co-exist within limits of distance not differing in 
proportion more than as nine to ten/ This demon¬ 
strated fact of Sir John Hersohel*B is the very fact to 
which I had been led by other considerations, the fact, 
namely, that the nebulce are not external galaxies, but 
intimately associated with the sidereal system, of which, 
in fact, they form part and parcel. Dr, Whewell, 
accepting Sir John Herschel*8 reasoning as conclusive 
on the point, adopted the same view. And although 
Sir John Hersohel himself, immediately after establish¬ 
ing this noteworthy conclusion, speaks respecting it in 
a tone of philosophio caution, it must not be forgotten 
that to his clear vision the association between nebulce 
and fixed stars had presented itself as a demonstrated 
fact, and that even in the latest editions of his noble 
work on astronomy he has not altered the words in 
which he has spoken of that association, 

Lastly, and perhaps most strildtigly, the associ¬ 
ation between stars and nobulm is indicated by the 
obvious connection between the figure of the irregulaa* 
ncbulse and the arrangement of tho^ star-groups seen 
in the same field of view* There is not one of the 

ti . 
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irregulai’ nebulas Tvhioh does not exhibit this peculiarity 
in the most striking manner. This may be asserted 
even of those nebuliB virith respect to which Sir John 
Herschel has remarked that the aiTaugement may be 
accidental. His own pictures seem to me to prove in 
bhe most convincing manner that no such explanation 
can he accepted. The mere aggregation of a large 
number of stars in the very heart of a nebula might 
be an accident. The fact, for instance, that the great 
irregular nebula surrounding the star Eta AvgtiB 
agrees exactly in position with the greatest condensa¬ 
tion of the wonderfully rich portion of the Milky Way 
on which that surprising variable lies, might be a 
mere coincidence, though in any case it would be a 
strange one. But when one examines the structure 
of tliiis and similar nehuloe, and finds that the stars arc 
arranged in a manner most obviously related to the 
an’angemenb of the nebular condensations (or folds as 
one may almost say), one cannot doubt that a real and 
intimate bond of association exists between the stars 
and the nebulous masses around them. If the exten¬ 
sion of the milky light of the great Orion nebula to 
the star c in the sword, which is centrally involved in 
strong nebulosity; to 5 in the belt, which is similarly 
involved; and to several other stars in the constellation 
(all alike in occupying regions of increased nebular con¬ 
densation), be a mere accidental coincidence, then the 
laws of xirobability had better be forgotten as soon as 
possible; for, as at present understood, they can only 
serve to lead men astray. 
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In the accompanying Plate is given a picture of the 
nehula Mossier 17, ns observed with Lassell’s four-feet 
reflector at Malta. I have selected it as affording a 
very striking instance of the particular form of associa¬ 
tion I have just been dealing with. No one can, I 
think, refuse to recognise the fact that the system of 
stars shown in this drawing is not accidentally seen 
projected on a distant galaxy, but forms part and parcel 
of the nebula itself.' 

The nobvda around the strange variable star, Eta 
Argfis, already referred to, is another remarkable 
instance of this sort. More than two years ago I 
ventured to make two predictions about this object. 
The first was a tolerably safe one. I expressed my 
belief that the nebula would bo found to be gaseous. 
After Mr, Huggins’s discovery that the great Orion 
nehula is gaseous, it was not difficult to see that the 
Argo nebula must also bo so. At any rate, this has 
boon established by Captain Horsohel’s spectroscopic re- 
searchoB. The other prediction was more venturesome. 
Sir John riersohel, whoso oinnions on such points one 
would always prefer to shave, had expressed his belief 
that the nebula lies far out in space beyond the stars 
seen in the same field of view. I ventured to express 
the opinion that those stars are involved in the nebula. 
Lately there came nows from Australia that Mr. Lo 
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nebul(B in this region belong to one great nebulous 
group, which extends its branches to these stars. As a 
mighty hand this nebulous region seems to gather the 
stars here into close association, showing us, in a way 
there is no misinterpreting, that these stare and the 
nebula form one system. 

It will be noticed, as respects the two proofs on 
which I have last dwelt, that they seem directly 
opposed to those which I first quoted. One cannot 
argue, it might he urged, that the nebul?B are asso¬ 
ciated with the sidereal system because they are least 
nuinerous where there are most stars, and vice verm ; 
while at the same time one draws the same conclusion 
from the aggregation of the nebulae in streams or 
clusters where there are streams and clusters of stars, 
or from the fact that stars are seen actually mixed up 
with nebulous matter. At first sight this objection 
seems just; but, on consideration, it will be found that 
in reality, the two seemingly contrary lines of argument 
bear in the same direction. When we find the nehulse 
gathered where stars are wanting, and 
we conclude that there is some reason for this pecu¬ 
liarity, and that that reason must involve some sort of 
association between the nebulce and the stars; we see, 
further, that the relation is accounted for if we suppose 
that, in these cases, either the formation of nebulee 
has drained a region of material from which single stars 
would otherwise have been formed, or Wee Why, 

in a particular region, the formation of nebulsa should 
be encouraged, while the formation of stars should be 
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a des&rV What evidence could more clearly point 
to the fact that these great clusters are gathered out 
from a vast region of space ? Their internal structure 
teaches us how such a process of segregation lends to 
the birth of nehuhe as well as stars. The whole 
history of the sidereal system is indeed taught us in 
the Magellanic Clouds and the great streams of inter¬ 
mixed stars and nebulm which flow towards them as 
rivers towards some mighty lake. 

It I’emains that I should sum up the results 
which I have discussed in the last two chapters. It 
has seemed to many that my views tend largely to 
diminish our estimate of the extent of the sidereal 
system, The exact reverse is the case. According 
to accepted views there lie within the range of oui 
most powerful telescopes millions of millions of suns. 
According to mine the primary suns within the range 
of our telescopes must be counted by tens of thousands, 
or by hundreds of thousands at the outside. What 
does this diminution of numbers imply but that the 
space separating sun from sun is enormously greater 
than accepted theories would permit? And this in- 
orease implies an enormous increase in the estimate we 
are to form of the vital energies of individual suns. 
For the vitality of a sun, if one may be permitted the 
expression, is measured not merely by the amount of 
matter over which it exercises control, but by the ex¬ 
tent of space within which that matter is distributed. 
Take an orb a thousand times vaster than our sun, and 
spread over its surface an amount of matter exceeding 
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a thousand-fold the combined mass of all the planets of 
the solar system: so far as living force is concerned, 
the result is mL But distribute that matter through¬ 
out a vast space all round the orb: that orb becomes 
at once fit to be the centre of a host of dependent 
worlds* Again, according to accepted theoaies, when 
the astronomer has succeeded in resolving the milky 
light of a portion of the galaxy into star, he has in 
that direction, at any rate, reached the limits of the 
sidereal system* According to my views, what he has 
really done has been but to analyse a definite aggrega¬ 
tion of stars, a mere corner of that great system. Yet 
once more, according to accepted views, thousands and 
thousands of galaxies, external to the sidereal system, 
can be seen with powerful telescopes. If I am right, 
the external star-systems lie far beyond the reach of 
the most powerful telescope man has yet been able to 
construct, insomuch that perchance the nearest of the 
outlying galaxies may lie a million times beyond the 
range even of the mighty mirror of the great Rosso 
telescope. 

But this is little. Wonderful as Is the extent of 
the sidereal system as thus viewed, even more won¬ 
derful is its infinite variety, We know how largely 
modern discoveries have increased our estimate of the 
complexity of the jdanetary system. Where the ancients 
recognised but a few planets, we now see, besides the 
planets, the families of satellites; we see the rings of 
Saturn, in which minute satellites must be as the sands 
on the seashore for multitude; the wonderful zone 
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of asteroids j myriads on myriads of comets 5 millions 
on millions of meteor systems, gathering more and 
more richly around the sun, until in its neighbourhood 
they foim the crown of glory which bursts into view 
when he is totally eolipsedi But wonderful as is the 
variety seen within the planetary system, the variety 
within the sidereal system is infinitely more amazing. 
Besides the single suns, there are groups and systems 
and streams of primary suns 5 thei’o are whole galaxies 
of minor orbs 5 there are clustering stellar aggregations, 
showing every variety of richness, of figure, and of 
distribution 5 there are all the various forms of nehuloe, 
resolvable and irresolvable, circular, elliptical, and 
spiral; and lastly, there are irregular masses of luminous 
gas, clinging in fantastic convolutions around stars 
and star-systems. Nor is it unsafe to assert that other 
forms and varieties of structure will yet be discovered, 
or that hundreds more exist which we may never hope 
to recognise. 

But lastly, even more wonderful than the infinite 
vm-iety of the sidereal system is its amazing vitality. 
Instead of millions of inert masses, we see the whole 
heavens instinct with energy—astir with busy life. 
The great masses of luminous vapour, though occupy¬ 
ing countless millions of cubic miles of space, are 
moved by unknown forces like clouds before the 
summer breeze} star-mist is condensing into clusters; 
stoi’-olusters are forming into suns 5 streams and clusters 
of minor orbs are swayed by unknown attractive 
energies} and primary suns singly or in systems are 
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CHAPTER Xm, 

BUPBRVISION AND CONTROL, 

It is a peculiarity of the subject of other worlds than 
ours that it suggests more strikingly than any other 
certain diBioulties in connection with conceptions as to 
supervision and control exercised over the universe. 

Let US consider definitely (even though we must 
be unable to conceive clearly or at all) the infinities 
we have to deal with. 

We know that space must be infinite, If the region 
amid which stars and nebulee are scattered in incon¬ 
ceivable profusion be limited, if beyond lies on all sides 
a vast void, or if, instead, there be material bounds 
enclosing the universe of worlds on every hand, yet 
where are the limits of void or bound? Infinity of 
space, occupied or unoccupied, there must undoubtedly 
be. Of this infinity it has been finely said that its 
centre is everywhere, its boundary nowhere. Now, 
whether within this infinity of space there be an in¬ 
finity of matter is a question which we cannot so cer¬ 
tainly answex’* Only, if we were to accept this as 
certain, that the proportion which unocouiued bears 
to occupied space cannot be infinitely great—a view 
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which at least seems reasonable and probable—then it 
would follow that matter as well as space must be 
infinite, since any finite proportion of infinity must 
itself also be infinite. 

Time also must undoubtedly be infinite. If the 
portion of time which has hitherto been, or which will 
hereafter be, occupied with the oecurrence of events 
(of whatever sort) were preceded and will be followed 
by a vast void interval, yet there can be neither be¬ 
ginning nor end to either of those bounding voids* 
Infinity of time, occupied or unoccupied, there must 
undoubtedly be. And though it is not possible for us 
to know certainly that there has been no beginning, or 
that there will be no end to that portion of time which 
is occupied with the occurrence of events (of whatever 
sort), yet it appears so unreasonable to conceive that 
unoccupied time bears an infinitely groat proportion to 
occupied time that we seem led to the conclusion that 
occupied time is infinite—or, more definitely, that 
there has been no beginning and will be no end to 
the sequence of events throughout the infinitely ex¬ 
tended universe. 

Now to conceive of limits to the wisdom and power 
of One whose realm is infinite in extent and in dura¬ 
tion is obviously to conclude that the ruler is in¬ 
finitely incompetent to rule over His kingdom: for 
there can be no relation between the finite and the 
infinite save the relation of infinite disproportion. 

Senses such as we have we can no more attribute 
to such a Euler than we can assign to Him hands and 
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foet. Nor can we conceive in what way He can he 
cognisant of material processes which we only recognise 
through their material effects. Yet we can scarcely 
conceive of Him us other than cognisant of all those 
processes by which our senses can be affected. 

But before considering the nature of such a Being’s 
supervision of His universe, we may proceed a step 
further. The senses we possess are suCScient to indicate 
to us the possible existence of senses not merely far 
more acute, but of a wholly different kind. By the 
sense of touch, for instance, we can indeed recognise 
the feeling of heat; but it is easy to conceive of a sense 
(analogous to that by which light is made to teach us 
of the aspect of external objects) enabling men to 
judge of the figure, substance, internal structure, and 
other qualities of an object by the action of the heat¬ 
waves proceeding from it. Or again, electricity, instead 
either of light or of heat, might be the means of com¬ 
municating intelligence as to the qualities of objects. 
We can conceive also of a sense bearing the same 
analogy to sight that the spectroscope bears to the 
telescope. And a hundred kinds of sense, or in other 
words, a hundred modes of receiving intelligence about 
what exists or is going on around us, might be readily 
conceived. 

Yet once more, we know that reason is able to range 
beyond the action of the senses. Man is able to assure 
himself that events have happened which yet have 
produced no direct effect upon any of his senses. By 
the exercise of reason he becomes as well assured ol 
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such events as though they had actually passed before 
his eyes. An analogous power, but infinite in degree, 
infinitely rapid in its operation, and infinite in the 
extent of space and time over which it ranges, we may 
conceive to be possessed by a true Euler over the 
universe. 

And now let us notice some of the conclusions to 
which these considerations tend. 

Let us first deal with the teachings of that sense 
which is the most far-reaching * of all the faculties 
given to man—^the sense of sight. 

In a little treatise called ‘ The Stars and the Earth,’ 
published anonymously several years since, some re¬ 
sults of modern discoveries respecting light were dealt 
with in a very interesting manner. I propose to follow 
the path of thought indicated in that treatise, as a 
fitting introduction to wider conceptions of supervision 
and control over the universe. 

We know from Efimer’s researches, and even more 
surely from the phenomenon termed the aberration of 
the fixed stars, that light does not travel with infinite 
velocity, Its speed is indeed so enormous that, com¬ 
pared with every form of motion with which we are 
familiar, the velocity of light appears infinitely gmat. 
In a single second light traverses a space equal to 

‘ Moat persons, if asked whloli sense comes next to sight in 
this rospeot, would answer hearing. Yet or rather 

has a range far exceeding that of hearing, sines we oan feel the 
heat emitted hy the sun. Nor is it diffloult to conceive of such nn 
inoreaso in tho dolicaoy of the sense of touch that even the minute 
(unoimt of heat received from the fixed stars might bo felt, and so 
tho range ®f the sense extended many million-fold. 
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Blglit times the circumference of the earth} and there¬ 
fore in travelling from any visible object on the earth 
to the eye of a ten-estrinl observer, light occupies a 
apace of time indefinitely short. Yet even as regards 
such objects as these light has occupied a real interval 
of time, however minute, in reaching the eye; inso¬ 
much that we see objects not as they are at the 
moment we perceive them, but as they were the 
minutest fraction of a second before. 

Eaising our eyes from the earth to regard the celes¬ 
tial objects, we find, in place of the indefinitely minute 
interval before considered, a really appreciable space 
of time occupied by light in caiTying to us information 
as to the condition of those distant orbs. From the 
moon light takes little more than a second and a 
quarter in reaching us; so that we obtain sufficiently 
early information of the condition of our satellite. 
But light occupies more than eight minutes in reach¬ 
ing us from the sun 5 a longer or shorter interval in 
travelling to us from Mercury, Venus, and Mars, 
according to the position of these planets j from about 
thirty-five to about fifty minutes in reaching us from 
Jupiter 5 about an hour and twenty minutes on the 
average in speeding across the great gap which separates 
us from Saturn 5 while we receive intelligence from 
Uranus and Neptune only after intervals respectively 
twice and three times as great as that which light 
takes in reaching us from the ringed planet. 

Thus, if we could at any instant view the whole 
range of the solar system as, distinctly as we see 
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Jupiter or Mars when in opposition, the scene pre¬ 
sented to ns would not indicate the real aspect of the 
solar system at that, or indeed at any definite instant* 
Precisely as a daily newspaper gives us a later account 
of what is going on in London than of events happen¬ 
ing in the provinces, of these than of events on the 
Continent, and of these again than of occurrences 
taking place in America, Asia, Africa, or Australasia, 
so the intelligence brought by light respecting the 
various members of the solar system belongs to dif¬ 
ferent epochs. If man had powers of vision enabling 
him to watch what is taking place on the different 
planets of the solar system, it is clear that events 
of the utmost importance might have transpired— 
under his very eyes, so to speak—while yet he re¬ 
mained wholly unconscious of their occurrence. Or, 
to invert the illustration, if an observer on Neptune 
could see all that is taking place on the earth, he 
might remain for hours quite unconscious of an event 
important enough to affect the welfare of a whole 
continent, though that event should happen under his 
eyes, and his visual powers be such as I have sup¬ 
posed. We can imagine, for example, an observer on 
Neptune watching the battle of Waterloo from the 
early dawn until the hour when Napoleon^s heart was 
yet full of hope, and our great captain was watching 
with ever-growing anxiety, as charge after chai’ge 
threatened to desti’oy the squares on whose stedfast- 
ness depended the fate of a continent* We can con¬ 
ceive how full of interest that scene would have been 
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an intelligent Neptunian, and how eagerly he ^7onld 
JuiVQ watehed the inanoauvres of either army, and also, 
what neither army knew of, the approach of Blucher 
With Mb PruBBians, Yet, while our Neptunian would 
thus have traced the progress of the battle from his 
distant world, the conflict would in reality have been 
long ainoe decided, the final charge of the British 
tinny accomplished, the Imperial Guard destroyed, 
Napoleon fugitive, and the Prussians, who to the Nep¬ 
tunian would be seen Btill struggling through muddy 
roads towards the field of battle, would have been 
relontleesly pursuing the scattered army of Franco. 

It is, however, when we pass beyond the limits of 
1110 solar system that the non-contemporaneoiia nature 
of the scene presented to us becomes most striking, 
.riore W0 have to deal not with seconds, minutes, or 
hours, but with years, decades, and centuries. From 
the nearest of the fixed stars light takes fully three 
years in. travelling to the earth. Even the star 
61 Oygni is so far from us that its light only reaches 
tie in seven years. And so far as observation has 
hitherto gone, it seems unlikely that amid the whole 
hoat of heaven the^^e are so many as a hundred stare— 
lucid or telescopic—whose light reaches us in a shorter 
interval of time than twelve or fifteen years, Wliat- 
over views we form as to the arrangement of the aide- 
real scheme, whether those usually accepted be held 
to be correct, or whether I have been right in adopting 
others, there can be no doubt that, amongst the stars 
revealed to us by the telescope, there must be myriads 
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which lie many times farther from us than the bright 
star in Centauriis and the orb in Cygnus which have 
been found relatively so near. In fact, the views 
I have adopted respecting the wide range of magnitude 
among the fixed stars do not interfere in the least 
with the theories which have been formed aa to tlie 
distances from beyond which the light of some of tlie 
stars, only just visible in powerful telescopes, must be 
reach us. On the contrary, one may con¬ 
ceive, according to my views, that some of these faintly 
seen orbs may be many times larger even than giant 
Sirius, in which case the distance of such stars would 
be many times greater than has been hitherto supposed. 
Wo may certainly assume with confidence that many 
stars only visible in powerful telescopes shine from 
beyond depths which light would occupy thousands of 
years in traversing. I cannot, indeed, go fai’ther, as 
astronomers have hitherto done, and say that the 
nebulae must be regarded as external galaxies, and 
therefore as sending their light to us over spaces 
which light must take many times as long an interval 
in traversing as it does in travelling to us from the 
bounds of our own galaxy. But it would be to mis- 
intei'pret altogether the views which I have formed 
respecting the universe to suppose that I imagine 
those distant spaces which astronomers have hitherto 
filled with imaginary galaxies to be nntenanted. On 
the contrary, I have no doubt whatever that galaxies 
resembling our own exist at distances infinitely ex¬ 
ceeding those at which astronomers have placed their 
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most distant nebular universes, if even the bounds of 
our own galaxy do not extend into space as far as the 
widest limits hitherto assigned to the system of nebulae. 
So that I am not precluded from speaking of orbs 
whose light, though unrecognised by us, is yet ever 
pouring in upon the earth, conveying, in letters 
we cannot decipher or even trace, a message which 
has taken millions on millions of years in traversing the 
awful gulf beyond which lie those mysterious realms. 

If we conceive, then, that man’s visual powers could 
suddenly be so increased that, without instrumental 
aid, he could look around him into the celestial depths, 
piercing even to those outer galaxies which astronomers 
have seen only imaged in the nebulcc, how wide would 
be the range of time presented to him by the wonderful 
scene ho would behold 1 There would blaze out Alpha 
Centarrri with its record three years old; there the star 
in Cygnus as it existed seven years since; the whole host 
of stars known to man would exhibit I’ocords ranging 
from a few years to many centinies in age; and lastly, 
the external galaxies, which are perhaps for over hidden 
from the searching gaze of man, would reveal them¬ 
selves as they were ages on ages before man appeared 
upon the earth, ages oven before this earth was framed 
into a globe, nay, ages perhaps before the planetary 
system had begun to gather into worlds around its 
central orb. 

It is when we are thus contemplating in imagina¬ 
tion the whole expanse of the universe, and as one 
almost may say the whole range of past time, that the 
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author of the little treatise I have spoken of invitea 
us to consider two processes of thought having solo 
reference to this earth on which we live, and to that 
history which, though all-important to ourselves, secina 
to fade into such utter insignificance in the presence of 
the gi’and history of the orbs which lie in uncounted 
millions around us. 

To a being placed on some far distant orb, whence 
light would occupy thousands of years to wing its 
flight to us, there would be presented, if he turned hm 
gaze upon our earth, and if his vision were capalde of 
telling him of her aspect, the picture of events whicli 
thousands of years since really occurred upon her 
surface. For the light which left the earth at tlmt 
time, winging its way through space with tlie account, 
if we may so speak, of those occurrences, is now tra¬ 
velling as swiftly as when it left our earth, but amid 
regions of space removed from us by a light-journey 
thousands of years in duration. And thus, to the ob¬ 
server on this distant orb, the events which happened in 
the far-off years would seem to be actually in progress* 
But now conceive that powers of locomotion com¬ 
mensurate with his wonderful powers of vision wore 
given to this being, and that in an instant of time he 
could sweep through the enormous interval separating 
him from our earth, until he were no farther from us 
than the moon. At the beginning of that tremendous 
journey he wonld be watching events which were 
occurring thousands of yeai’s ago 5 at its close he would 
gaze upon the earth as it was one second only before 
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he undertook liis instantaneous flight \ so that, in the 
course of his journey, he would gaze upon a succession 
of events which had occurred during tliosa thousands 
of years upon the face of this little earth. 

The other conception is no less beautiful and striking 
—I may remark, also, that it is, in a scientific sense, 
somewhat more exact. Suppose that a being armed 
with such powers of vision as we have imagined should 
watch from the neighbourhood of our earth the pro¬ 
gress of some interesting event. If ho then began to 
travel from the earth at a I’ate equal to that at which 
light travels, he would see one phase of the event con¬ 
tinually present before him, because he would always 
be where the light-message recording that event was 
actually travelling. By passing somewhat less swiftly 
away, he would see the event taking place with sin¬ 
gular’ slowness i while passing away more swiftly, 
ho would see the event occurring in inverted order. 
Suppose, for example, he was watching the battle of 
Waterloo—ho could gaze on the fine picture presented 
by the Imperial Guard as they advanced upon the 
English army, for hours, years, nay, for centuries or 
cycles 5 or ho might watch the whole progress of the 
charge occurring so slowly that years might elapse 
between each step of the advancing column, and the 
bullets which mowed down their ranks might either 
seem unmoving, or else appear to wend their way with 
scarcely perceptible motion through the air { or finally, 
he might so wing his flight through space that the 
G uard would seem to retreat, iiieir dead men coming 
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to life as the bullets passed from their wounds, until at 
length the Old Guard would he seen as it was wlien it 
began its advance, in the assured hojie of deciding 
Waterloo, as it had already decided so many hard- 
fought battles for its Imperial Chief. 

It may seem hypercritical to notice soientifio in¬ 
exactness in ideas professedly fanciful. But as tho 
author lays some little stress upon the soientifio truth 
of the method in which his fancies are exhibited, and 
as, fiuther, he dwells upon two of the more obvious 
objections to the first conception, it may be well to con- 
fiider a further objection, which enforces on us a total 
change in the way of presenting the idea. He remarks 
that the being he has conceived to he borne towards 
the earth through a distance so enormous would nofc 
see in a moment the whole history of the earth dur¬ 
ing the thousands of years considered, but only the 
history of that hemisphere which was turned towards 
him I while, further, all that took place under roofs or 
under cover of any sort would remain unperceived by 
him. But there is a more serious objection. Amongsb 
the events which have taken place during those thou¬ 
sands of years have been thousands of revolutions of 
the earth around the sun, and more than 365 times as 
many rotations of the earth upon her axis, to say 
nothing of the stately sway of the earth in her motion 
of precession. So that our imaginary observer would 
in reality see the earth whirling with inconceivable 
rapidity upon its axis, and sweeping with even more 
tremendous velocity aa’ound the sun, so as to complete 
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thousands of circuits in a single second. lie would 
see clouds forming and vanishing in an amazing suc¬ 
cession of changes, all occurring in a single instant. 
And even though his powers of vision enabled him to 
pierce the cloud-envelope, he would not have a conse¬ 
cutive prosoiitmeut of the various events occurring in 
any part of the earth, but only a haphazard succession 
of lialf days for each portion of her surface. 

However, we can easily see that, by a slight modi¬ 
fication, the beautiful conception of our author can be 
made to illustrate one mode at least in which the events 
occurring upon our earth may be conceived to be at 
all times present to the thoughts of an Omnipresent 
Being. Imagine a sphere with a radius over which 
light would travel in the time which has elapsed since 
living creatures first began to move upon this earth, 
and having for centre the place occupied by the 
earth at that instant. Then, if we imagine millions 
of eyes over the surface of that sphere, all turned 
with piercing powers of vision upon the central earth, 
wo see that to these eyes the earth would be pre¬ 
sented by the record of light, not as she is now, but 
as she was at that primroval day. Now, conceive 
tliose millions of eyes closing swiftly in upon the 
earth, but with this peculiarity of movement, that, 
instead of being always on a sphere around a fixed 
point, they were always on a sphere around the posi¬ 
tion which was really occupied by the earth when the 
light-messages started which those eyes were receiving 
at the moment. Then if that wondrous sphere con- 
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tracted in an instant, according to the law assigned it, 
until ita myriad millions of eyes were gazing intently 
on our earth from a sphere of but a few thousand miles 
in radius, the whole history of the earth, so far as light 
could render it, would have been in a moment of time 
presented before the myriad-eyed 

By extending these considerations to other modes 
in which the history of an event is recorded, so to 
speak, by natural xnocesses, we can see that a much 
more con*plete and definite picture of past events than 
light can convey must be at all times x^resent in the 
universe, A sense which could analyse heat-impres¬ 
sions as eyesight analyses light, would tell us not 
only what eyesight tells us, but much that no light- 
messages can convey to us. At least it is conceivable 
that a sense of this sort would enable the being pro¬ 
vided with it to recognise not merely the nature of the 
surface of any body whose heat reached the organ of 
this sense, but the quality of the body’s internal struc¬ 
ture, processes going on within the body, or the nature 
of bodies so placed that eyesight would not render us 
sensible even of then existence. Electricity, in like 
manner, would avail to give information altogether 
distinct from that which light can impart, 

But again, the senses by which we judge of what is 
going on around us are after all merely certain means 
by which we judge of causes by their effects. When we 
say, for instance, that we have seen such and such an 
object, or watched such and such an event, what we 
really imply is that we have recognised certain physical 
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impressions which we can only explain by the 
isteuce of that object, or by the occuvrenee of that 
event. We know, in fact, that in certain exceptional 
cases impressions resembling those caused by the 
actual presence of an object, or by the actual occur¬ 
rence of some event, may aviso whore no such object 
has been present, or where no such event has taken 
place. Still, we commonly feel safe from error in 
concluding from certain impressions conveyed to the 
mind by the agency of the senses that certain objects 
have been really present, at rest or in action, 
before us, 

But then, oven man, limited as are his powers, can 
yet follow a series of effects and causes far more 
numerous than those concerned in the act of vision; 
and so he can become certain of the occurrence of past 
events of which no sense he possesses gives him any 
direct information. For example, though I neither 
saw the battle of Waterloo nor heard the thunder of 
the guns there, yet I am as certain that the battle 
really took place as though sight and hearing had 
given me direct information on the matter. And 
when I inquire whence that certainty mses, I find 
a complicated series of events involved in my acqui" 
sition of the knowledge that the battle took place. 
My interpretation of the letterpress account of the 
battle involved in itself a number of more or less 
complex relations, associated with the question of 
my confidence in those who taught me that certain 
symbols represented certain letters, that certain com- 
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binations of letters represented certain vf^ords, and 
that certam words represented certain ideas. Not to 
follow out the long train of thoughts thus suggested, 
it will be clear that, with regard to a variety of 
matters, the knowledge which any man has is asso¬ 
ciated with considerations of cause and effect, of 
general experience, of confidence in the accounts of 
others or in his own judgment, which are in reality of 
a highly complex character. 

Now, we are led by these thoughts to remember that 
independently of those records of past events which 
ai*e continually present throughout the universe in 
processes resembling those which directly affect our 
senses, such events leave their record (even to their 
minutest details) in the consequences to which they 
have led. If a great naturalist like Huxley or Owen can 
tell by examining the tooth of a creature belonging to 
some long extinct race, not only what the characteristics 
of that race were, but the general natui’e of the scenery 
amidst which such creatures lived, we see at once that a 
single grain of sand or drop of water must convey to an 
Omniscient and Omnipresent Being the history of tjio 
whole world of which it forms part. Nay, why sliould 
we pause here ? The history of that world is in truth 
bound up so intimately with the history of the universe 
that the grain of sand or drop of water conveys not 
only the history of the world, but with equal complete¬ 
ness the history of the whole universe* In fact, if we 
consider the matter attentively, we see that there can¬ 
not be a single atom throughout space which could 
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have attained its present exact position and state, had 
the history of any part of the nniverse, however 
insignificant, been otherwise than it has actually been, 
in even the minutest degree* 

Turning from the past to the future, we must not 
lot the limited nature of our recognition of the course 
of future events prevent us from forming a just 
opinion as to the way in which the future is in a sense 
always present. We can judge of the past by its 
effects, but we are almost utterly unable to judge of 
the future by its causes. Yet we cannot doubt that 
the future is present in its germs, precisely as the past 
is present in its fruits. It may be regarded in fact as 
merely a peculiarity of man’s constitution that the past 
is more clearly present to his mental vision than the 
future. It is easy not only to conceive that the future 
and the past should be equally present to intelligent 
creatures, but to conceive of a form of intelligence 
according to which past events would he obliterated 
from the mind as fast as they took place, while the 
future should bo as actually present as to the ordinary 

human mind the past is, . • 

In considering the Omniscient Omnipresent Being, 
however, all questions of degree must be set on one 
side. The futm-o must he absolutely and essentially 
present to such a Being in its germs as the past has 
been shown to he in its fruits. If a grain of sand con¬ 
tains in its state, figure, and position, the picture of the 
universe as it is, and the whole history of the universe 
throughout the infinite pasb-and who can doubt that 
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this is so ?—it eoiitains with equal completeness the 
history of the universe throughout the infinite future. 
No other view is compatible with the assumption of 
infinite wisdom, and no assumption which limits the 
wisdom of a Euler of an infinite universe is compatible 
with our belief in the fitness of such a Euler to reign 
supreme over the universe. 

Obviously also every event, however trifling, must 
be held to coutain in itself the whole history of the 
universe throughout the infinite past and throughout the 
infinite future. For every event, let its direct import¬ 
ance be what it may, is indissolubly bound up with 
events, preceding, accompanying, and following it, in 
endless series of causation, inter-action, and effect. 

So fai’, then, as the supervision of a Euler over the 
universe is concerned, we have two lines of thought, 
each leading to the recognition of perfect supervision. 
In virtue (1) of the omnipresence, and (2) of the infinite 
wisdom of such a Euler, He could see at each instant 
the whole universe as it has been in the infinite past, 
as it is now, and as it will be in the infinite future \ 
and this being as true of any one instant as it is of any 
other, we recognise the operation of yet a new form of 
infinity—the infinite duration of the Euler’s existence 
—to render yet more inconceivably perfect His super¬ 
vision of the universe. 

With regard to control it need hardly be said that 
if a Eulei does exercise control, aj>ai*t from the laws 
assigned to His universe, His knowledge of the pro^ 
gress of past and futm’e events would not therefore be 
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called in question, since His own diveot action, whether 
in the past or in the future, would he quite ns much 
the subject of His consciousness (to use this word for 
want of a better) as the action of His creatures or of 
the laws He had primarily set them. 

We know that certain laws have been assigned to 
the universe, and we know, also, that, so far as our very 
limited experience enables us to determine, these laws 
are never abrogated. Here I set altogether aside, for 
the moment, the possibility of miracles (since miracles 
would necessarily be non-natural events), and consider 
only the results of experimental or observational 
science. Thus we are led to the conolusion that all 
things happen according to set ph3'sical laws; and we 
see strong reason to believe that these laws are 
sufficient for the control of all things. 

Now it seems conceivable that in reality it is only 
our limited acquaintance with the operation of the 
laws of the universe which makes us regard them as 
unchanging, and so to speak inexorable. But I 
think that this view—though it has been entertained 
by many thoughtful men—is in reality inconsistent 
with just conceptions of infinite wisdom. If the 
wisdom of a Euler of the universe, though inconceiv¬ 
ably great, were yet finite, we could not suppose that 
the universe would have been so planned (still to use 
inexact words for want of better), and laws of such a 
nature assigned to it, that throughout the infinity of 
time all things should work weU. There would then, 
undoubtedly, be continual need of adaptation, change, 
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and remodelling—of the annulment of a law here, or 
its suspension there—-in order that the whole might not 
fall to wrack. But with a Euler infinitely wise, there 
Rhould be no such necessity. The whole scheme of 
the universe would he so perfect that direct interven¬ 
tion would not at any time be required. 

To sum up, we perceive that, before a Euler omni¬ 
present, omniscient, and omnipotent, the infinite past 
and the infinite future of the universe would be at all 
times sensibly present; that each the minutest atom 
and every the least important event would exhibit 
before Him at each instant the perfect history of the 
limitless past and future of the universe 3 and lastly, 
that Hifl infinitely perfect consciousness of, and con¬ 
trol over, all that has been, is, or will be, would be 
infinitely multiplied (to use the only available expres¬ 
sion) by the infinite duration throughout which His 
exifitenoG would extend. 


rniNTED BY 

9l‘OTTIflWOOI>E ASO CO< IiTI>.| IiONDON 
COLOIIESTKR AND ETON 




